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A B S T R A C T
Prior to 1973, the St Austell china clay industry discharged fine grade 
waste into local rivers which carried the waste into Mevagissey Bay, 
Cornwall. The clay waste, a mica and quartz rich silt buried a marine 
shell gravel substrate by up to 2 metres.
The china clay waste and natural sediments on the surface and subsurface 
of Mevagissey Bay have been studied and the distribution of live and dead 
benthic faunas analysed.
The benthic faunas presently living in the china clay waste and 
surrounding shell gravel have been compared to faunas from a similar survey 
taken during the period of peak discharge <1968) and during the reduction 
of discharges (1970-1973). Within the bay are four different benthic 
communities whose distribution reflects the amount and nature of china clay 
waste present.The only notable changes since the the cessation of dumping 
being the colonisation by a Tellina tenuis community of a previously azoic 
muddy substrate near the point of waste discharge into the bay.
This research suggests that benthic communities in areas subjected to 
inert solid pollution will change to communities typical of the grain size 
of the waste.
Each community can be recognised by a distinctive death assemblage 
although these show little resemblance to the composition of the original 
living community. Different taphonomic processes control the preservation 
within each community.
Radiographs and microscopic examination of impregnated box core samples 
reveal the important effect of bioturbation on the orientation and position 
of shells and shell fragments within the substrate.
Since the cessation of china clay waste dumping in 1973, shell debris 
formed by local benthos has began to transform the soft, fine grade 
substrate into a shell gravel. It is predicted that it will take within 
the order of 10,000 years for the substrate to resemble the original shell 
gravel now lying below the china clay waste.
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CHAPTER 1
I N T R O D U C T I O N
1) Scope of study
With the division of the natural sciences into biology and 
geo l o g y  the study of m odern animal comm u n i t i e s  and fossil 
c o m m u n i t i e s  has usually been s t u died by the two separate 
s c h o o l s . Only a few p a l a e o n t o l o g i s t s  have studied 
pala e o e c o l o g i c a l  processes o p e r a t i n g  within modern 
c o m m u n i t i e s  (eg Wilson 1967, C adee 1968, Schëfer 1972, 
St a nton 1976). Only Powell et al (1982) recognised h o w  
palaeoe c o l o g i c a l  p r inciples could assist ecologist in 
u n d e r s t a n d i n g  the long term dynamics of modern communities.
Most p a l aeoecological studies on modern benthic 
comm u n i t i e s  are confined to one facies which remain the same 
during the time period of sampling. Facies may vary 
over a geographical area (eg Bosence 1979) but never in the 
same spot over the s ampling period. By contrast 
p a l a e o e c o l o g i s t s  are interested in the change of fossil 
co m m unities due to changes in physical conditions up a 
vertical section. In Mevag i s s e y  Bay, Cornwall, there exists 
a unique o p p o r t u n i t y  to study the p r e servation of chang i n g  
e cological p rocesses in a modern environment because a 
profound change in substrate type has o c curred in historic 
time. The sea floor of Me v a g i s s e y  Bay origin a l l y  consisted 
of shell gravel, but since about 1850, this gravel has been 
buried by a silty micaceous substrate. This material is the 
waste product of the china clay industry around St Austell 
and was di s c h a r g e d  into the bay from the St Austell or White 
River. This study is the first to examine a modern 
environment where there has been l a rge-scale changes in 
s u b strate a n a logous to those that may be found in fossil 
s equences (see Kidwell & Jablonski 1983) and aims to bridge
the gaps between modern, marine, benthic ecology
and p a l a e o e c o l o g y .
The first part of the study c o n c e n t r a t e s  on the 
d i s t r i b u t i o n  of the clay waste, its benthic fauna and 
c o n s i d e r s  the effect this "inert solid pollution" (Clark 
1986) has had on the marine environment. S u r veys on both the 
benthic faunas and sed i m e n t s  were c a rried out d u r i n g  peak 
china clay wa s t e  d u m p i n g  in 1968 (Howell & Sh e l t o n  1970, 
P o r t m a n n  1970) and following r e d u c t i o n  in the du m p i n g  
b e tween 1971 and 1973 (Probert 1973, 1975, 1981). This
study .? y resurveys, 12 years after the c e s s a t i o n  of 
dumping, both the s e d i ments and benthic faunas to assess 
what c h anges had o ccurred and to d e t e r m i n e  the longer term 
effect of this form of inert solid p o l l u t i o n  on the marine 
environment. This includes m u l t i v a r i a t e  s t a t i stical analy s i s 
of the dif f e r e n t  faunal surveys.
The second part of this study uses the unique s i t u a t i o n  
in M e v a g i s s e y  Bay to inve s t i g a t e  ce r t a i n  aspects of 
s e d i m e n t o l o g y  and palaeoecology. T h i s  includes h o w  
c o m m u n i t i e s  are p r e s e r v e d  in the fossil record, b i o t u r b a t i o n  
and the control sub s t r a t e  type has on these processes. 
Most other studies which have looked at recent e n v i r o n m e n t s 
represent static physical environments. In this study there 
has been a mark e d  change in s u b s t r a t e  type w h ich has 
o c curred w i t h i n  the last h u n dred years. This study therefore 
s u p p l e m e n t s  the live and dead faunal st u d i e s  of for example 
C adee (1969), Wilson (1968) and B o s e n c e  (1979), by stud y i n g 
in g r e a t e r  detail the different taphonomic processes 
o p e r a t i n g  with i n  the different c o m m u n i t i e s  and sets them in 
a broad time scale.
The third part of this study exam i n e s  the formation of 
shell gravels. Recent models'^the for m a t i o n  of shell g r a vels 
(Wilson 1982, Wils o n  in press) and f o s s i l i f e r o u s  shell beds
(eg, Kidwell 1986) are d i s c u s s e d  and in the light of the 
Me v a g i s s e y  situation. Here an original shell gravel has been 
r eplaced by a fine s i liclastic unit, which since the 
c e s s a t i o n  of d u m p i n g  has began to a c c u m u l a t e  shell material 
again. The time rate for the f o r m ation of shell gravel may 
be a round 8,000 years.
2) The b a c k g r o u n d  to china clay waste d u m p i n g  in M e v a g i s s e v
Bay.
a) M e v a g i s s e y  Bay
M e v a g i s s e y  Bay is on the south coast of Cornwall and is 
bound to the north and south by Black Head and Chapel Point 
respectively,, the distance between the h e a d l a n d s  being  
about 4.5 km (Figures 1.1 and 1.2). In this study the 
s e award "limit" of the Bay is a r b i t r a r i l y  r e g a r d e d  as 
4"4^^0'W. The east facing aspect s h e l t e r s  the Bay fro m  
p r e v a i l i n g  s o u t h w e s t e r l y  weather but e x p oses it to waves and 
swell from the east and the southeast (Probert 1973).
The only large beach is the 0 . 8 5 k m  long P e ntewan B each but 
minor b e a ches occur at Portmellon, P o l s t r e a t h  and Polgwyn. 
Cliffs form the m a j o r i t y  o f ^ t h e  c o a s t l i n e  to the bay and in 
places extend up to 60m'?*^^They are comp o s e d  of Devo n i a n  
slates and phy l l i t e s  which are in places rich in quartz 
veins. Black Head is c omposed of dole r i t e  (personal 
o b s e r v a t i o n ) .
The deepest area of M e v a g i s s e y  Bay is 35 metres wh i c h  is 
a long the outer ma r g i n s  of the bay. with the contours 
run n i n g  more or less parallel to the coastline.
M e v a g i s s e y  Bay is a relat i v e l y  s h e l t e r e d  bay, and this 
will effect the hydrology. No simple current regime emerges 
fr o m  the data a v a i l a b l e  (summarised in Probert 1973) on the
E X E T E R
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Figure 1.1; Map of Southwest Great B r i t a i n  sh o w i n g  p o s itions  
of granites, (Stippled areas are the gr a n i t e  outcrops: L =
Lands End, C = C a m  Menellis, H = H e n s b a r r o w  (also called St 
Austell), B = Bodmin Moor and D. = Dartmoor.


















Figure 1.2; Map of St Austell and M e v a g i s s e y  Bay.
region inshore of Black Head to Chapel Point. All the tidal 
v e locities have been r e c o r d e d  as l ow and it is likely that 
they bel o n g  to a co m p l e x  s y s t e m  where wind and tidal eddies 
are most influential. The report of the C hina Clay 
A s s o c i a t i o n  by B i n n i e  & Partners (1969) c o n c l u d e d  that 
"tidal curre n t s  within a distance of 3 miles of P entewan 
were r a n d o m  in d i r e c t i o n  and of low velocity, rarely 
e x c e e d i n g  0.2 knots... the c urrents were not c o n n e c t e d  to 
the main tidal c u rrents of the E n g l i s h  Channel". O u t s i d e  a 
line f r o m  Chapel Point towards G r i b b i n  Head the tidal 
c u r r e n t s  are much s t ronger (mean current speeds ranged from 
0.07 to 0.28 knots in a s o u t h w e s t e r l y  and n o r t h e a s t e r l y
direction, the periods of slack water were ignored) than the 
c u r r e n t s  m e a s u r e d  within the bay, and this line also appears 
to the a p p r o x i m a t e  edge of the main tidal currents.
b) The C h i n a  Clay industry ; b a c kground
The g e o l o g y  of S outhwest E n g land can be s u m m a r i s e d  as a 
c o m p l e x l y  thrusted napp e s  pierced a l o n g  a n o r theast- 
Southwest axis by a major g r anite bat h o l i t h  known as the
C o r n u b l a n  granite. C u p o l a s  of this g r a n i t e  reach the surface 
to f o r m  the moors of D e v o n  and Cornwall (Figure 1.1). The 
g r a n i t e s  yield K-Ar. dates of 280-270 Ma (Anderton et al,
1979) and the host rocks are D e v o n i a n  and C a r b o n i f e r o u s
sediments. China clay is extracted form these granites. It 
was formed in a two stage hydrothermal p r o cess which a l t ered  
the f eldspar (and other minerals to a lesser extent) to the 
clay mineral, k a o l i n i t e  (Durrance & Bristow, 1986). In both 
stages of china clay formation c i r c u l a t i o n  of the 
h y d r o t h e r m a l  g r o u n d  w aters is by convection, the heat being 
ge n e r a t e d  by r a d i o a c t i v e  decay in the granite. It is 
belie v e d  the sec o n d  stage of k a o l i n i s a t i o n  is still 
o c c u r r i n g  at depth in the C o r n u b i a n  Gr a n i t e  (Durrance & 
Bristow, 1986).
The h i s t o r y  of the china clay i n dustry is outl i n e d  in 
di s p l a y s  at the Wheal M a r t y n  china clay Museum, Carthew, St 
Austell but det a i l s  can be found in both Barton (1966) and 
H u d s o n  (1969), C h i n a  clay production s t a rted in Cornwall in 
1748 with the dis c o v e r y  by a Plymo u t h  chemist, W i l l i a m  
C o o k w o r t h y  of china clay similar to the material used in , 
C h i n a  for m a k i n g  high quality p orcelain (Barton 1966). Until 
1840 it was the p o t t eries such as Wedgwood, Spode and Minton 
who held the leases for the china clay pits. After 1840 the 
trend was for local Co r n i s h  families to extract and sell the 
clay. By 1870 there were one hu n d r e d  and twenty small 
e n t e r p r i s e s  but since then nume r o u s  m e r g e r s  and take-overs 
has r e duced the number of operators, d e spite an ever 
in c r e a s i n g  rise in produ c t i o n  (Barton 1966). T oday only four 
independent operators exist, the most important being the 
E N G L I S H  C H I N A  C LAYS P.L.C..
For the first one h u ndred and eighty years of produ c t i o n  
china clay was used sole l y  by the ceramic industry (Barton 
1966) but today a round 80% is used in paper manufacturing, 
12% in ceramics and the rem a i n i n g  8% in paint, rubber and 
plastics.
c ) The produ c t i o n  of china c l a y .
Ch i n a  clay produ c t i o n  has followed the same basic
pr i n c i p l e s  since the industry started. The only s ignificant  
ch anges have been an improvement in effic i e n c y  and quality  
bought about by the constant d e v e l o p m e n t s  in mechanisation.
P r o d u c t i o n  starts in an open pit, after the removal of the 
overburden. The clay itself is mined h y d r a u l i c a l l y  by the
use of h i g h  p ressure hoses (.moni tors'), This breaks up the
k a o l i n i z e d  granite. The material in the for m  of a slurry is 
w a s h e d  towards the lowest level of the pit known as the
sink. F r o m  here, pumps lift the material to mechanical sand
cl a s s i f i e r s  where the very coarse sand is removed. This sand 
is d i s p o s e d  of by conv e y o r  belts w h ich carry and deposit the 
mate r i a l  on tips. H aving removed the coarsest of the sand, 
the r e m a i n i n g  slur r y  is .transported by u n d e r g r o u n d  pipeline  
to be refined.
R e f i n i n g  consi s t s  of a series of mineral p r o c e s s i n g  
t echn i q u e s  w h ich are d esigned to remove all the fine quartz, 
mica and feldspar, l e a ving behind the r e quired c hina clay or 
kaolin. After refining, the clay is d ried and is then ready 
for the market.
d) Wa s t e  disposal
For every tonne of s aleable china clay nine tonnes of 
w a ste is produced;
4.5 tonnes of rock and o v e r b u r d e n  (.stent),
3.5 tonnes of sand (granular f i l l ) y
1.0 tonne of m i c a c e o u s  residue.
The e x i s t i n g  met h o d  of disposal of the sand and rock was 
by du m p i n g  it in conical tips which become a c h a r a c t e r i s t i c 
feature of Cornwall, " t h e  Cornish Alps**. F o l l o w i n g  the
Ab e r f a n  disaster the "Mines and Q u a r r i e s  (Tips) Act, 1969,
s tated that such tips should be long and flat and should not
exceed a height of 80 feet. As this material is c onfined to 
the land it is not w ithin the context of the project and so 
will not be d i s c u s s e d  further.
M i c a ceous r e sidue in the fine g r a d e  waste g e n e r a l l y  of
mud size (in this study, the term "mud" refers to sediment
of silt and clay size which is all sediment finer than +4 
phi (63 microns). It c onsists of fine quartz, mica, 
tourmaline, feldspar and kaolin. A more d e t a i l e d  d e s c r i p t i o n 
of this material is g iven in C h apter 2,
M ic a c e o u s  waste cannot be stored in heaps because it tends
to slump. T hree m e t h o d s  of disposal have been empl o y e d  and
many more c o n s i d e r e d  (Binnie & P a r t n e r s  1969, Probert 1973):
i) the traditional m ethod since the beg i n n i n g  of the
i ndustry was simply to dis c h a r g e  the waste into the local 
rivers such as the River Fal, L u x u l y a n  River and the most 
important the St Austell or White River. This carried the
mud in s u s p e n s i o n  and discha r g e d  it into the sea. The actual
amount d i s c h a r g e d  in the St Austell River are g i ven in
figure 1.3 and b e l o w  (from Binnie & P a rtners 1969, Probert 
1973);
Pre 1945, small amounts only,
1945-1962; gradual rise from 100,000 to 265,000 tons per annum, 
1962-1967; rapid rise to 700,000 tpa,
1969-12 May 1970; 700,000 tpa
12 May 1970; 13 April 1972; 450,000 tpa,
13 April 1972; 1 September 1972; 350,000 tpa,
1 September 1972; January 1973; 250,000 tpa,
January 1973; Discharge ceases.
TOTAL DISCHARGED INTO THE ST AUSTELL RIVER; 17 million tons
The mic a c e o u s  wa s t e  on entry into the sea r e mained in 
su s p e n s i o n  for some d i s t a n c e  and c a u s e d  d i s c o l o r a t i o n  of the 
sea to such an extent that it bec a m e  known as the white 
water. Th e s e  w h ite plumes often were very e x t e n s i v e  and 
shall be d e s c r i b e d  in more detail later (section 2f).
ii) In the late 1960's and early 1970's with a predicted 
sharp increase in china clay p r o d u c t i o n  it was r e a l i s e d  that 
the river would no longer be able to carry the increased
levels of m i c a c e o u s  waste. This, c o u pled with p r e s s u r e s  to
stop the d u m p i n g  due to the i n c r e a s i n g  p o l l u t i o n  of both 
the rivers and the sea caused the china clay i ndustry to 
i n v e s t i g a t e  a l t e r n a t e  m e thods of disposal. The preferred 
sche m e  was to collect all the m i c a c e o u s  waste via a network 
of pip e l i n e s  to a common c o l l e c t i n g  point fro m  which the 
material would be pumped through a sin g l e  large pipeline to 
a d i s c h a r g e  point outside the bay. A tunnel was to be driven 
13m b e l o w  the sea floor to the 10 f a t h o m  contour off
M a e n e a s e  Point. The r e sidue w ould be pumped though the 
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ou t l e t s  to the sea. To test the vali d i t y  of such a scheme, a 
s urvey by the co n s u l t i n g  eng i n e e r s  B i n n i e  & P a r t n e r s  was 
c o m m i s s i o n e d  by English China C lays P.L.C, with later work 
by the China Clay A s s o c i a t i o n  This work is s u m m a r i s e d  in 
Binn i e  & Partners 1969, Truscott 1969, Green 1972, Holme 
1972, Koshti 1973 and Holme & Probert 1978. The movement 
of the sediment, the e f fects of the marine life and the 
visible appearance of the sediment were all investigated. 
The intention was that the r e s idue w ould be ca r r i e d  away 
from the d ischarge point and out to sea. The result of the 
i n v e s tigations was to s h o w  that there would be a build up 
m icaceous residue at the tunnel outlets. This
accumu l a t i o n  could be so high as to cause the formation of 
w hite water with the p o s s i b i l i t y  of material being washed on 
shore. Because of u n c e r t a i n t i e s  as to the fate of the 
material discharged, the scheme was not taken up,
iii) The method e m p l o y e d  today is the b a c k f i l l i n g  of old
pits and mica dams. Mica dams are artificial lagoons, the
walls of which are c o n s t r u c t e d  of coarse waste. Behi n d  these 
dams is a still body of water in which the fine residue
settles out. The clear o u t f l o w  is then d i s c h a r g e d  into local 
rivers.
e) Pentewan. the h i s t o r y  and economic effects of china clay
waste du m p i n g  in M e v a g i s s e y  Bav
Pentewan is s i t u a t e d  at the n o r t h e r n  end of Pentewan 
Beach. The St Austell River flows through it. Fishing, local 
q u a r r y i n g  and tin m i n i n g  were the main local a c tivities 
early in the h i s t o r y  of the village (Evans & Pre t t y m a n  1986) 
but it was the china clay i ndustry which was to have a 
p r ofound effect on the town.
China clay waste was not the first m i n i n g  effluent to be
12
dumped in the St Austell River. Eve r a r d  (1959) recognised  
three mining phases in South Cornwall;
up to 1800; tin streaming (removal of tin from alluvial gravel).
1780 - 1890; metalliferous shaft-mining,
1840 - 1973; china clay micaceous waste,
The first two types of m i n i n g  produced large amounts of
coarse waste. As only the fine material would have been
ca r r i e d  out into the bay E v erard (1959) believed that this 
early form of m i n i n g  w ould not have deposited much material 
with i n  the bay. By 1700 the tin s t r e a m i n g  had filled up a 
n a r r o w  estuary and in 1750 the head of the small bay had 
been filled in and raised by up to 30 feet by rock debris 
from Pentewan alluvial tin w o r king (Everard 1959).
Pentewan harbour was built in 1744 and following the 
op e n i n g  up of china clay pits near St Austell, the harbour 
was improved in 1826 (Evans & Prettyman, 1986). It was 
d e v eloped to c o mpete with the n e i g h b o u r i n g  harbour at
C h a r l e s t o w n  but the constant s i l t i n g  up of P entewan Harbour 
d e spite n u m e r o u s  attempts to keep it clear lead to its 
u ltimate demise as a harbour. Some of these events are 
listed in T a ble 1.1. Today the sandy china clay waste banks 
are so high that they have buried the harbour walls (Plates 
1.1a and 1 . lb).
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M ie. L-LL M  major improvements made t i  Pentewan Harbour ami some o i the 
raio.rded a n tin g  evenla i M i  Em s. i  Piettyman I2S6. and. Lewis 1981).
1744 Harbour built,
1820-1826; a) Substantial improvements to harbour with construction of 1,25 acre basin 
with gates to retain water at low tide,
b) A 500ft, wall hoped to separate river from channel into basin,
c) Reservoir 0,33 acres in size to keep harbour basin full of water and flush
out silt from basins and channel,
1830 Channel silted up,
1831 Breakwater built (160 feet long) to keep sand entering the sea away from the 
channel. Failed to have desired effect,
1833 Sand bar restricts access for vessels to high tides only. Two vessels run
aground and several were trapped in the harbour basin,
1843 New sand trap constructed and both the White River and harbour had to be
dredged
1845 Channel at River mouth straightened,
1846 Channel dredged and breakwater,
1849 Second flush reservoir constructed,
1852 White River straightened,
1855 16 clay work proprietors agree to form the Pentewan River Committee and
decide not to discharge sand into the river between March 
and September, During the winter the storms would carry the sediment away.
The agreement was not stuck to. Committee never met again,
1858 New breakwater built,
1867 Breakwater extended (to 320 feet),
1871 Channel blocked by silt.
1911 Channel blocked following gales,
1914 Ships trapped in harbour,
1946 Dock and reservoir dredged, only a few pleasure craft use the harbour,
1950 Last attempt to attract shipping but continual silting up caused failure,
1959 Last ship to occupy the harbour,
1967 Pentewan village flooded due to channel blockage,
1987 Pentewan harbour derelict, the channel completely blocked even at high tide.
.14
1.1a; Pentewan Harbour channel in October 1967. The channel is infilled 
with sand and completely overgrown.
m
1,1b; Pentewan harbour channel wall. The sand which originally blocked the 
harbour has reached such a height that it has buried the channel walls. 
(October 1987).
f) Whi te wa ter
The waters of both the St Austell or White River together 
with Mevagissey and St Austell Bays were in the past 
d iscoloured by the s u s p ended m i c a ceous waste which became 
known locally as the white water.
White water had on occasions, been observed to extend 
over 5 k m  fro m  P e n t e w a n  (Wilson & Conner 1976, Probert 1973). 
Probert (1973) s u g g e s t e d  that it was wind speed and 
d i r e ction that contro l l e d  the extent and direction of the 
plume; the most common wind d irection being southwesterly, 
when the water would adhere to to the nort h e r n  c oastline of 
the bay and e v e n t u a l l y  d i s s ipate northeast of Black Head 
(figure 1.4). If there was no wind, the white water would 
disperse more dif f u s e l y  into the central region of the bay. 
Probert (1973) g ives a d e s c r i p t i o n  of the progress of a 
plume through the course of one day (9.5.1972);
"Before 11.00 hours the station (station A) was in diffuse white water but as the wind 
force increased, the white water plume adhered more tightly to the north coast and the 
Station was recorded as being in "clear water", Later the wind began to decrease and by
16,00 hours the Station was back in diffuse white water,"
Probert (1973) took m e a s u r e m e n t s  of the sus p e n d e d  solids 
in the white water at the position of Station 1.02 (see 
Figure 2.4 Probert's S t ation A), over three tidal cycles in 
May 1972. The results are s u m marised in T able 1.2, the 
highest value was 38.8 p p m  and lowest value 13.2 ppm. This 
contrasts with the normal b a ckground s u s p e n d e d  load of 3-4 
ppm for this area (Probert 1973). Table 1.2 shows the 
variation of s uspended load with water depth and shows there 





Dense w h i te  w a te r  
[ I Clear w a te r
% /  W h i t e  wa te r  
Course of fishing vessel
Figure 1.4; The position of white plumes in M e v a g i s s e y  Bay 
(from Wilson & Conner 1975).
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1.2a; Mevagissey Bay (July 1986). A plume of white water is seen in the 
background. This is a result of prolonged heavy rainfall the night before 
(looking North).
1,2b. Mevagissey Bay and Pentewan Beach (July 1987). The White River is in 
the foreground. The white water is a result of heavy rainfall. The harbour 
channel wall is also in the foreground (looking south). The nearest 
headland is Penare Point and the furthest, Chapel Point.
T a b l e  1.2; The mean and standard d e v i ation of suspended 
solid values from M e v a g i s s e v  Bav (from Probert 1 9 7 3 ) .
suspended solids (ppm)
Depth (m) Mean SD n
S t ation A. 7-2-1972 1 20. 4 3. 98 13
6 16.9 5.22 13
12 25. 4 7.06 13
C ombined 20. 9 6. 46 39
9-2-1972 1 23,8 25.64 14
6 13.2 3. 14 14
12 30. 0 11.34 14
Combined 22.3 17.36 42
9-5-1972 1 19.3 7. 64 14
6 15.8 5.09 14
12 15. 4 3.21 14
Combined 16.9 5.75 42
S t a tion 4 0 0 m  SE 1 38.8 7.85 5
of River mouth. 3 38.2 7.62 5
10-2-1972 5.5 39.5 5. 49 5
C ombined 38. 8 6.57 15
F ol l o w i n g  the c essation of dumping, these plumes are no 
longer c o n t i n u o u s l y  observed, but f o l l owing periods of heavy 
rainfall the waters of the river are d i s c o loured and small 
plumes extend into the bay from the river mouth. One such 
plume was o b served by the author in July 1986 (Plate 1.2a) 
and again in August 1987 Plate 1.2b). These plumes are much 
less extensive than the plumes described by Wilson & Conner 
(1976) and far less frequent.
Other plumes of industrial origin have been studied by 
Meade (1969), Smith et al (1971) and B r o e n k o w  (1971).
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CHAPTER 2
T H E  S E B I M E N T S  O F  M E V A P I S S E Y  B A Y
1) Introduction
The purpose of studying the sediments in M e v agissey Bay 
were; i) to identify, map, and account for the present 
d i s t r i b u t i o n  of sediment types present in the bay and ii) to 
establish the changes in sediment distribution and 
comp o s i t i o n  through time.
2) Previous work
C o a r s e  shell gravels and sands are the main sediment type 
of the Western English Channel (Figure 2.1). The first 
c o m p r e h e n s i v e  survey of sediments and faunas of the English 
Channel was by Holme (1961a, 1966) who took a large number
of sediment and faunistic samples. The sediments of the
W e s t e r n  English Channel are coarse sands and shell gravels. 
F l e m m i n g  and Stride (1967) and Belderson et al (1970) 
r e c ognised that the basal sand and gravel deposits of the 
E n g lish Channel were reworked glacial deposits. The gravel 
in places is covered by sand ribbons and sheets formed by 
the movement of sand by tidal currents and storm activity 
(Flemming & Stride 1967). In the We s t e r n  English Channel, 
F l e m m i n g  and Stride (1967) recorded sand and gravel patches 
where sediment transport was towards the north-east while 
40km further east sand waves are found where the sediment 
movement is towards the west. Further details of the 
sediment for the whole of the English Channel are given in 
Boillot (1965), Belderson et al (1971), Channon & Hamilton 
(1976), Hamilton et al (1980) and Stride (1982). The process 
by which these sediments have become enriched in biogenic 











Mud (>5% mud, <30% carbonate)
Fine lithoclastic sand (<15% >2mm, <30% carbonate)
Coarse lithoclastic sand (15—50% >2mm, <30% carbonate).
Fine bio/lithoclastic sand (<15% >2ram, 30—50% carbonate). 
Coarse bio/lithoclastic sand (15-50% >2mm, 30-50% carbonate) 
Fine bioclastic sand (15-50% >2mm, 50-70% carbonate)
Shell gravel (over 50% >2mm, 50-70% carbonate)
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c a r b onate content by Boillot (1965). Further details are 
given in C h apter 7.
The first c o m p r e h e n s i v e  studies on the sediments of 
M e v a g i s s e y  Bay was by Binnie & Partners (1969) and 
P ort m a n n  (1970). Portmann (op cit) carried out a 
c o m p r e h e n s i v e  survey of the surface sediments of both 
M e v a g i s s e y  and St Austell Bay. Sediment identified as china 
clay waste, a light grey micaceous silt covered two thirds 
of the bay (Figures 2.2). The finest sediment, sediment with 
g r e a t e r  than 50% mud, covered the central region of the bay.
Probert (1973, 1975) found similar d i s tributions of
s e diment in 1971 to that recorded in 1968 (Portmann 1970) 
with the fine material covering a central region of the bay 
(see figures Figures 2.27 and 2.28). Shelly sands and 
g r a v e l s  were recovered from stations offshore of the clay 
waste d e p o s i t s . .
Probert undertook a mineralogical analysis of the sediment 
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Iibii. lAl IlinfiTÂlûflkAi cmpaaiMm ol Ijiul china clay, samples from tha floor oi 
HeYàfliJW BàXa. cmmM «ild idih. a typical analysls oi tine, residue at ihe. china day 
pil lilac.kp.M l  EltL. lEmm. Embert I22ij_ the. (imcise location al stations was not given 
and. the figerea am percentage al total).
MEVAGISSEY BAY BLACKPOOL PIT
Kaolinite 20,9 45,6 18,8 29,9 13,0
Mica 44,9 38,6 21,6 36,3 44,0
Quartz 19,1 10,2 44,2 20,6 20,6
Feldspar 6,2 4,1 6.4 6,7 2,0
Tourmaline 9,0 0,8 9,0 6,5 7,0
The fine grade sediment was seen to be composed largely of 
material typical for china clay waste and was shown to be 
rich in mica, kaolinite and quartz. Kaolinite, however was 
only found in the mud fractions (Probert 1973).
Probert (1973) assembled previously published and 
u n p u b l i s h e d  material on the sediments of the bay. Sources 
included report by Binnie and Partners (1969) who were
h y d r o g r a p h i c  s u r v eyors for the China €lay Association, 
Port m a n n  (1970) and of particular use a coring p r o g r a m
c a rried out in 1967 by Alpine Geophysical Assoc i a t e s  Inc.
for the Marine Mining <f o-operat ion (this report was kindly 
made a v a i l a b l e  to the present author by the British
G e o l o g i c a l  Survey in November 1987). F r o m  this information 
P robert c o n s t r u c t e d  the clay waste thickness map (Figure 
2.3) which also incorporated the believed extent of the 
china clay waste. This was based on the following data:
i) 282 g r a b  samples taken between April and August 1968. 
(Binnie & Partners 1969).
ii) 57 gr a b  samples taken in May and September 1968. 
M i n i s t r y  of Agriculture, Fisheries and Food's survey
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(Portmann & Howell 1969, unpublished data s u pplied to
Prober t >.
iii) 117 grab samples (Probert's survey).
C r i t e r i a  used for the definition of sediment as china 
clay w aste used by the different surveys (as reported in 
Probert, 1973) were as follows:
i) B i n n i e  & Partners (1969); visual inspection only, grey 
m i c a c e o u s  silt.
ii) M i n i s t r y  survey; > 20% of the sediment finer than +4 phi 
( < 6 2 p m ) .
iii) Probert (1973), visual inspection and >20% of the 
s ediment finer than +4 phi.
F r o m  the above sediment surveys Probert c a l culated that 14 
km-- of the sea floor of Mevagissey Bay was covered china 
clay waste. The s e p aration of samples as china clay waste 
and n o n - china clay waste (samples with less than 20% china 
clay waste) sediment was obviously arbitrary and traces of 
china clay waste were also found outside the 14km--- area 
whilst sediment lying within this area contained non-china 
clay waste components.
Data made a v a i lable to Probert (1973) and also reported in 
P ortmann (1970) suggested that about some 17 million tons 
had been discharged into Mevagissey Bay. Portmann (1970) 
c a l c u l a t e d  that 15 million tons of this waste still lies 
w it h i n  the confines of Mevagissey Bay:
agreement between Binnie and Partners and ourselves on the quantity of china clay 
waste present is quite good. In particular, both estimates indicate that very little of 
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Fig u r e  2.3; Depositions! extent and depth of china clay waste 
depos i t s  in M e vagissey Bay (From Probert 1973). Figures are in 
feet. Th e r e  were various sources of data (see text);
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which, under suitable weather conditions, can be seen moving past Dodman Point and Gribbin 
Head must contain only very fine particles which by weight would be a very small 
percentage of the total discharged,,,"
P o r t m a n n  (1970) accounted for the lack of transport of 
material o u t s i d e  the confines of the bay following the 
results of a hydrographic survey for the China Clay 
Association. D u r i n g  this hydrographic survey which lasted 
fro m  1 April to 3 August I960, the m a x i m u m  current (for 2 
feet above the sea-bed) recorded was 45cm/sec (0,89 knots) 
and only on eight other occasions was the current in excess 
of 3 0 c m / s e c  (0.59 knots). These reading were fro m  a total of 
934. The av e r a g e  current outside periods of slack water was 
8cm/sec. w h ich Portmann (1970) realised to be sufficient to 
c arry in s u s p e n s i o n  particles up to lOOOp in diameter (0 
phi) (Hjulstrdm 1935). Fro m  this, Portmann (1970) argued 
that transport of the sediment would be expected out from 
the bay. Two reasons, however, prevented this;
i) Under cal m  conditions the mean water movement, as 
obse r v e d  during the Direct Reading Current meter survey for 
the Ch i n a  Clay Association, was directed into the bay.
ii) After d e position the sediment in the size range of 250p 
(4-3 phi) to 37p (4-5 phi) would only be retransported if the
curre n t s  ever exce e d e d  25cm/sec. or 90cm/sec, respectively 
(Hjulstrdm 1935). During most tidal cycles throughout the 
re c o r d i n g  period the currents were often recorded as zero. 
D u r i n g  these periods the suspended sediment would be 
d e p o s i t e d  and remain on the sea bed.
Port m a n n  (1970) considered that the currents g enerated by 
storms would be sufficient to resuspend the deposited clay 
waste. The area is^ however^ well sheltered from all but 
s o u t h e a s t e r l y  storms which would tend to sweep water into 
the cen t r e  of the bay with a compensating ou t f l o w  along the
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coast, le. past Black Head and Chapel Point. This would 
carry s u s p e n d e d  material out of the area. Portmann stated:
"this has been noticed in recent years at Mevagissey, where under the influence of a 
southeasterly wind the 'white water' moves close inshore and past the harbour mouth before 
being swept out past Chapel Point"
D e s p i t e  this, with 15 million of the 17 million tons of 
d i s c h a r g e d  china clay waste into the bay remaining in the 
bay it is clear that the currents were insufficient to 
remove much of the sediment from the bay.
Holme & Probert (1978) believed that much of the discharge  
from the White River was initially deposited close inshore 
off P e ntewan Beach, where an unstable deposit was formed. 
This was later r e suspended (eg. during gales, spring tides, 
e asterly gales) to be redeposited further out but as 
d i s cussed above usually within the confines of the bay.
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3) Pr.esen.t_, distribution of surf ace sediments <1985-1987) .
In this study ninety three sediment samples were 
collected, fifty five sublittoral samples and thirty eight 
littoral samples. To collect the sublittoral samples 
re s e a r c h  vessels belonging to the Marine Biological 
A s s o c i a t i o n  of the United K i n gdom (Plymouth), Squilla and 
Sepia were used. Stations were located using Decca 
Navigator. A log of each cruise together with the Decca co­
or d i n a t e s  is given in the Appendix (la). The first number in 
the s u b l ittoral stations numbers refers to the cruise number 
and the two digit number after the point is the actual 
sam p l e  number. Sediment samples; 1.01-1.07 (August 1985),
2 . 0 1 - 2 . 1 2  (November 1985), 3.01-3.12 (April 1986), 4.01-4.07 
(May 1986), 5.01-5.07 (March 1987); were c o l l ected fro m  a
u n d i s t u r b e d  part of an anchor dredge sample and samples
6 . 0 1 - 6 . 1 7  were collected by shipek grab (Figure 2.4). All 
the sediment samples were of one litre.
Within M e v agissey Bay there are three beaches, the 
largest is Pentewan Beach and there are smaller beaches at 
Po l s t r e a t h  and Portmellon Cove (Figure 2.5). T w e n t y-nine 
sediment samples were collected by h a n d - s c o o p i n g  from 
Pe n t e w a n  (which includes Portgiskey) , five from Polstreath  
and one from Portmellon together with one from the very 
small sand a c c u mulation along the coastline listed in Figure 
2.5. This is the first time the beach sediments have been 
included in sediment surveys of M e vagissey Bay, For 
c o n s t a n c y  where only one sample was collected from a 
parti c u l a r  beach the sample was taken three metres seawards 
fr o m  the strand line. The grain size over these small 
beaches was so variable that no emphasis has been placed on 
the actual grain size distribution. Three samples were also 
c o l l e c t e d  from the fiver L e d  of the White River.
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Figure 2.4; L o c a t i o n  of sublittoral sediment sample stations 











4  Portmellon Cove
Chapel Point
Co Iona Cove
O  Sampling points
I km
F i g u r e  2.5; B e a c h e s  in M e v a g i s s e y  Bay and s a m p l i n g  points of
littoral sediment s a m p l e s  (for 
sediment sa m p l e s  see figure 2,9) 
were taken from the s t r e a m  floor, 
V i l l a g e  (gr SX 018471 sheet 204), 
this bridge.
l o c a t i o n  of P e n t e w a n  beach 
The river s e diment samples 
1 by the bridge in Pentewan 
2 and 3, 5 0 0 m  up s t r e a m  from
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As well as s a m p l i n g ^  the s u r f a c e  s e d i m e n t s  box-cores, 
g r a v i t y  c o res and v i b r o c o r e s  were taken to study sediments, 
f aunas (Chapter 3) and s e d i m e n t a r y  and b iogenic s t r u c t u r e s  
(see C h a p t e r  6). The w o r k i n g  and r e l a t i v e  m erits of all the 
s a m p l i n g  m e t h o d s  is d i s c u s s e d  in A p p e n d i x  (1).
All the s u b l i t t o r a l  sediment sa m p l e s  wer e  dried, w e i g h e d  
and then wet siev e d  at one phi int e r v a l s  f r o m  -2 phi down to 
+4 phi. P i p e t t e  a n a l y s i s  down to +10 phi, u sing an A n d r e a s o n  
P i p e t t e  for the r e m a i n i n g  mud f raction (clay and silt or 
<+4 phi) c o m p l e t e d  the g rain size a n a l y s e s  (Table 2.3). 
L itt o r a l  s a m p l e s  were d ried and dr i e d  s i e v e d  and in these 
the clay f r a c t i o n  was so m i n u t e  (<1%) that p i p e t t e  a n a l y s i s 
was not n e c e s s a r y  (see T a b l e  2.4),
The c o m p o s i t i o n  of the sediment was d e t e r m i n e d  by point 
c o u n t i n g  the in d i v i d u a l  grains for each size f r a c t i o n  down 
to +4 phi (ie; the sand and gravel components) for all the 
sam p l e s  us i n g  b i n o c u l a r  and s c a n n i n g  e l e c t r o n  m i c r o s c o p y  
(see T a b l e  2.5). The finer fractions were a n a l y s e d  b r i e f l y  
by e l e c t r o n  m i c r o s c o p y  and x-ray diffraction.
T h r e e  p r i n c i p l e  c o m p o n e n t s  of the sediment were 
d i s t i n g u i s h e d  and the p e r c e n t a g e  of each calculated,
i) C h i n a  clay w a s t e ; C h i n a  clay wa s t e  is c o m p o s e d  of 
quartz, mica, feldspar, kaol i n  and the o c c a s i o n a l  tourm a l i n e 
(plate 2.1). The f r e shness and angular shape of the clasts 
make them easi l y  d i s t i n g u i s h a b l e  fr o m  the natural
t e r r i g e n o u s  grains. T h e  quartz is d i s t i n g u i s h e d  from 
"natural" quartz l i t h o c l a s t s  by its c l e a r n e s s  and angular 
shape. L a r g e  g r a i n s  of china clay waste (>2mm) were o ften 
p o l y c r y s t a l l i n e  f r a gments of granite. Visual c o n f i r m a t i o n  
was made that these grai n s  o r i g i n a t e d  from china clay waste 
by c o m p a r i s o n  with w aste c o l l e c t e d  fr o m  a w o r k i n g  china 
clay q u a r r y  at Wheal Martyn,
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ii> L i t h o c l a s t s . this c o m p r i s e d  the natural s i l i c a t e  / 
clastic or t e r r i g e n o u s  m aterial and c o n s i s t e d  of r o u nded  
phyllite, s late and milky white, iron stained, vein quartz  
(see P l ate 2.2). P h y l l i t e s  with quartz veins make up the 
m a j o r i t y  of the c liffs a l o n g  M e v a g i s s e y  Bay and so is the 
s o u r c e  of this material.
iii) C a r b o n a t e  (and other b i o c l a s t i c  material), all the 
c a r b o n a t e  present is biogenic in o r i g i n  and incl u d e s  the 
skel e t a l  mate r i a l  of; bivalves, gastropods, echinoids, 
o p h i u r o i d s  , foraminifera, ostracods, c o r a l l i n e  algae, 
barnacles, holothurians, spon g e  s p i c u l e s  (can be silicate) 
and c r u s t a c e a n  fragments. As the n o n - c a r b o n a t e  fract i o n  of 
or g a n i c  mate r i a l  forms a very small p r o p o r t i o n  of the total 
its i n c l u s i o n  does not s i g n i f i c a n t l y  effect the c a r b o n a t e  
percentage. The v a r i a t i o n  in c a r b o n a t e  content and 
c o m p o s i t i o n  will only be b r i e f l y  d i s c u s s e d  in this chapter. 
The d e t ails and s i g n i f i c a n c e  of the v a r i a t i o n  are d i s c u s s e d  
in C h a p t e r s  5 and 7.
The s u r f a c e  s e d i m e n t s  fall into the f o l l o w i n g  s e d i m e n t  
types (Table 2.4);
A) S a n d y  c h i n a  clay waste
B) S i l t y  c h i n a  clay waste
C) M u d d y  gravel
D) Shell sand
E) L i t h o c l a s t i c  sand
Th e  v a r i o u s  s ediment types are d e s c r i b e d  below, for each 
the typical g r a i n  size d i s t r i b u t i o n  is sh o w n  as a h i s t o g r a m  
and the c o m p o s i t i o n  as d e f i n e d  by the a b o v e  c a t e g o r i e s  for 
the san d  s i z e d  f r a c t i o n  shown, in some c ases the latter is 
r e p r e s e n t e d  on a map.
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Figure 2.6. Surface sediment distribution in Mevagissey Bay.
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T a b l e  2.2; Surf ace s e d i m e n t s . their visual 
d e s c r i p t i o n  and mud content (percentage)
1,01 Fine sandy clay waste 5,0
1.02 S i l ty  clay waste 66,2
1,03 S i l ty  clay waste 92,7
1,04 Si l ty  clay waste 69,9
1,05 S i l t y  clay waste 80,5
1,06 Muddy gravel 20,0
1.07 Fine sandy clay waste 9.9
2,01 S i l t y  clay waste 53,7
2,02 S i l ty  clay waste 51,1
2,03 S i l ty  clay waste 60,9
2,04 S i l t y  clay waste 47,2
2,05 S i l ty  clay waste 44,8
2,06 Muddy gravel 46,2
2,07 Muddy gravel 26,2
2,08 Muddy gravel 27,6
2,09 S i l ty  clay waste 55,2
2,10 S i l ty  clay waste 27,8
2.11 S i l ty  clay waste 39,0
2,12 S i l t y  clay waste 49.7
3,01 Muddy sandy clay waste 7,2
3,02 Fine sandy clay waste 4,1
3,03 Muddy sandy clay waste 28,3
3,04 Fine sandy clay waste 3,5
3,05 Muddy sandy clay waste 36,3
3,06 Muddy sandy clay waste 7.0
3.07 Muddy sandy clay waste 21,0
3,08 Muddy sandy clay waste 32,4
3,09 Muddy sandy clay waste 22,7
3,10 Muddy sandy clay waste 21,8
3,11 S i l t y  clay waste 82,8
3,12 Muddy sandy clay waste 26,1
4,01 S i l ty  clay waste 53,9
4,02 Si l ty  clay waste 61,8
4,03 S i l ty  clay waste 73,9
4,04 S i l ty  clay waste 71.2
4,05 S i l t y  clay waste 67,0
4,06 S i l ty  clay waste 53,1
4,07 S i l ty  clay waste 23,7
5,01 Rock,
5,02 S i l t y  clay waste 47,1
5,03 Muddy gravel 41,7
5,04 S i l t y  clay waste 63,6
5,05 S i l ty  clay waste 52,9
5,06 Muddy gravel 13,6
5,07 Muddy gravel 8,5
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6.01 S i l t y  clay waste 54,5
6,02 S i l t y  clay waste 51.1
6,03 S i l t y  clay waste 30,1
6,04 Medium shell  sand 0.0
6,05 Coarse shell  sand 0.1
6,06 No sample -  rock
6,07 Coarse shell  sand 0.0
6,08 Coarse shell  sand 0,3
6,09 Fine shell  sand 1.7
6,10 S i l ty  clay waste 28,1
6.11 Sandy clay waste 16,8
6,12 Coarse shell  sand 0,0
6,13 S i l t y  clay waste 51,8
6,14 S i l ty  clay waste (shelly) 42,9
6,15 S i l t y  clay waste (shelly) 24,0
6,16 S i l ty  clay waste (shelly) 33,9
6.17 S i l t y  clay waste 67,2
Beach samples;
Beach sand = china clay waste. Beach sand = l i thoclastic sand
Pentewan 1 0,0 Black Head 0.0
Pentewan 2 0.0 “House Cove" 0,0
Pentewan 3 0,0 Polrudden Cove 0.0
Pentewan 4 0,1 Polstreath 1 0.0
Pentewan 5 0,1 Polstreath 2 0.0
Pentewan 6 0,02 Polstreath 3 0.0
Pentewan 7 0,0 Polstreath 4 0.0
Pentewan 8 0.0 Polstreath 5 0.0
Pentewan 9 0.0 Mevagissey Harbour 0,0
Pentewan 10 0,2 Portmellon Cove 0,0























-2 -1 0 + 1 +2 +3 +4 +5 +6 +7 +8 +9 >+9
1.01 0,7 1.4 0,9 3,9 42,0 35,7 10,8 5.5 0,0 0,0 0,0 0.0 0.0
1,02 0.0 0,02 0,01 0.1 0.8 14.1 18,8 40.0 16,0 5.2 3,0 2,5 0,5
1.03 0.0 0.1 0.1 0,1 0.1 0,8 6,4 81,0 10,5 1.3 0,6 1.3 1.4
1.04 0,0 0,1 0,2 1.1 1.5 3.5 25,4 45.5 6.0 5,2 2,0 3,7 3.2
1,05 0.0 0.0 0,2 1.5 2,1 6.3 9.9 31,0 13,4 12.7 10,7 5.6 7.2
1,06 17.7 11.6 7.6 6,5 5.0 18,8 12.6 24,2 2.3 1,8 1.1 0.9 1.3
1.07 0,9 0.2 0,1 0,1 4,6 70,9 13.3 9.9 0.0 0.0 0.0 0.0 0,0
2.01 0,2 0.1 0.4 0.8 1.6 17,8 28,5 29,7 16.0 6.6 3.0 2.5 1.6
2,02 0,01 0,1 0,1 0.3 0.3 6.6 41,5 28,1 12,1 6.0 1.0 0.03 1.0
2,03 0,08 0,02 0,08 1.0 2,9 11.0 39,0 27,0 11.4 9.7 7.1 3.8 3,1
2,04 0,2 0,1 0,3 2.8 4,2 11.2 33,1 32,1 4.2 3.3 1.9 5.7 1.0
2,05 0,01 0,04 0,1 1.0 2.8 19,0 32,3 27,2 4,8 3.4 3.9 2,0 3.4
2,06 17,3 8.4 5.4 4.3 2,6 5,5 10,2 24,5 10,8 8,8 2.9 0.3 0.0
2,07 2.3 34,8 22,4 10,1 5.6 2,5 1.2 15,3 0,7 0,1 4,3 5,8 0,0
2,08 5.1 11.1 10,6 4,0 0.9 3.5 38,1 17,5 1,8 2.5 4,0 1.8 0.0
2,09 0,3 0.6 1.0 2.0 2.7 4.5 32,6 28,3 10,3 11.1 2.6 3.2 0.1
2,10 0,0 0.2 0.5 1.9 3.0 16.7 50.6 14,4 2.8 1.6 3.9 0.7 1.9
2.11 0.2 0,6 2,2 5.4 5.5 17,8 29,3 16,6 6,6 5.8 4.1 5.0 0.7
2.12 0.6 0.1 0.9 4,4 5.7 21,3 17,3 34,8 6,2 9.2 0.5 0.0 0,0
3,01 0,4 0.2 0,9 3,3 14,6 49,1 24,3 7,2 0.0 0,0 0.0 0.0 0,0
3,02 0,1 0,3 0,8 3.7 23,3 45,0 22,7 4,1 0.0 0,0 0,0 0,0 0,0
3,03 3,6 1.8 0.7 0.8 3.5 35,9 25,8 46,7 1.3 0,8 0,6 0,5 0,6
3,04 0,4 0,9 0,9 6,2 31,3 48,2 8,6 3.5 0,0 0,0 0.0 0,0 0.0
3,05 0.0 0.0 0.0 0.1 1.0 21,1 41,6 71,3 0.7 0,8 0,3 0.0 0.0
3,06 0,2 0,3 0,4 0,5 6.4 51.7 33,5 7,0 0,0 0,0 0.0 0.0 0.0
3,07 0,5 0.03 0,03 0.1 5.4 50,7 22,3 19,0 0,5 0.1 0.5 0,5 0.3
3,08 0,01 0,01 0,02 0,1 0.8 12,0 55,3 23,0 3,0 2.1 1,0 0,3 2.7
3,09 0,0 0.0 0,01 0,01 3.0 26,8 47,4 57,9 0.7 0.7 0,6 0.3 0,02
3,10 1.2 0.1 0.1 0.4 1.6 24,2 50,7 45,6 2,0 0.7 0,7 0,3 0.6
3.11 0.0 0.01 0.1 0,5 0,9 3.4 12,3 85,8 3.9 1.7 0,3 0,0 0.0
3,12 0,0 0,01 0,02 0.1 1.0 18,3 53,8 41,0 2,2 0.8 0,5 0,8 0.0
4.01 0,4 0,3 0,7 2,5 4.2 8,2 30,5 40,5 4,0 3.1 0,1 1.8 4,3
4,02 1.0 2.6 2,0 2,1 2.9 5.0 22,5 41,1 24,0 5.9 1.2 2.1 5,2
4,03 0,06 0,03 0,05 0,8 1.9 6.3 20,0 54,3 10,4 2.8 1.3 0,8 1.4
4,04 0.1 0.2 0.4 1.7 2.1 3,0 18,5 48,5 10,0 4,4 0.6 4.4 6.0
4,05 0,01 0,06 0.2 0.9 1.7 5.1 25,5 43,5 17,9 6.9 3,5 2.5 6.0
4,06 0.1 0.09 0.1 0.6 1.3 10,9 33,0 32,0 21,0 0,0 0.0 0,0 0,0
4,07 0.1 0,06 0,09 2.2 4.2 36,2 33,1 15,2 2.7 1.4 1.1 1.7 4.7
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0,9 0,7 1.3 2,0 2.5 12,6 32,1 23,6 9,0 3,1 4.2 2.0 5.8
5,03 6.8 10,9 19,8 8,7 2.5 1.9 7.6 24,8 3.1 4,0 1.9 2.7 5,3
5,04 0.4 25,0 0.2 0,3 0.3 3,5 31,5 49,0 4,3 3,1 1.7 1.8 5,2
5,05 0.2 0,1 0.3 2,3 2,0 6,4 45,8 33,5 11.7 2,2 0,6 0.8 4,1
5,06 33,1 19,2 16,5 8.4 6.7 3.7 2.7 12,0 1.6 0,0 0.0 0.0 0.0
5.07 3.9 4.0 4.2 18,0 29,1 28,7 3,4 8,1 0.0 0.0 0,0 0.0 0.0
6.01 0.0 0,55 0.3 1.2 1.9 10,6 30,9 31.7 10,7 4.7 2,8 2.8 2,2
6,02 0.0 0.3 0,6 3.3 5.6 12,2 20,5 30,0 8,1 5.7 1.1 6,3 2,9
6,03 0.0 0,03 0,06 0,2 0.4 11.2 58,0 11.5 0,0 0.0 0,0 0,0 0,0
6,04 0,0 0,2 12,5 61.7 24,4 1.2 0.0 0,0 0.0 0.0 0.0 0,0 0,0




9.2 8.1 31,2 41,4 9.1 0.7 0.4 0.0 0.0 0.0 0.0 0,0 0.0
6,08 3,8 3.9 5.7 13,7 46,5 25,5 0.9 0.2 0.0 0.0 0.0 0,0 0.0
6,09 0.5 0.5 1.0 10,9 37,5 45,1 3.7 0.9 0,0 0,0 0.0 0,0 0.0
6,10 0,0 0.1 0.3 2.8 3,8 9,5 31.7 20,0 0,0 0,0 0.0 0,0 0.0
6.11 0,03 0.1 0.3 1.6 12.1 35,5 33,5 11.4 0.5 0.5 0,1 1.1 3.3
6,12 4,6 9.1 41,1 42,8 1.5 0,9 0,0 0.0 0.0 0.0 0,0 0,0 0,0
6,13 0,0 0.1 0.3 2.8 3.8 9,5 31,7 36,3 3.2 3.6 1.7 1.9 5,0
6,14 0,0 0,04 0.2 3,4 7.0 20,9 25,5 25,1 4.6 3.7 2,0 2.5 5,1
6,15 0,0 0,2 1.1 13,3 15,9 27,0 15,0 11.5 3.1 2.1 1,8 2.3 3.5
6,16 6.7 5,5 5.7 16,3 15,4 24,7 9.0 10,5 2.0 0.7 1.7 0.9 1.2
6.17 0.2 1.7 2.6 7,5 15,3 11.8 18,8 25,3 5,2 2,7 4,1 0.2 3,9
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Ebl
Sample -2 .0 ” 1.0 0 + 1.0 +2,0 +3,0 +4.0 >+4.0
Black Head 55.6 1.3 0.8 13,0 26,7 2.5 0,1 0.0
"House Cove" 5.4 7.6 27,9 54,2 3,5 0,3 0,1 0,0
Polrudden Cove 1.4 2.9 40,6 53,2 1.8 0.1 0.0 0,0
Portgiskey 1 65,4 22,4 7.7 2,6 1.3 0.6 0,0 0.0
Portgiskey 2 0.0 0.0 0,6 1.7 31,2 65,5 0,9 0.1
Polstreath 1 81,9 13.7 3.3 1.0 0.1 0,0 0,0 0.0
Polstreath 2 0.7 8.3 58,8 27,0 5.0 0.2 0,0 0,0
Polstreath 3 0.1 2.8 22,6 51.1 22.8 0.6 0.0 0,0
Polstreath 4 0.4 6.3 22,4 41.1 27,1 2,7 0,0 0,0
Polstreath 5 16,5 47.4 34,0 2.0 0,1 0,0 0,0 0.0
tlev. Harbour 9.5 13.3 40,7 30,0 6,4 0.1 0,0 0,0
Portmellon C. 0.0 1.1 1.2 15,5 71,6 10,6 0,0 0,0
Colona Cove 8.2 22.6 35,1 28.1 5.5 0,4 0,1 0,0
Pentewan 1 14.3 34,5 23,1 17,0 10.6 0,9 0,02 0,0
Pentewan 2 22,8 46,5 21.4 5,2 2,7 1.4 0,04 0.0
Pentewan 3 0.0 3.2 51,6 40,7 4.2 0.4 0.0 0,0
Pentewan 4 3.3 11.9 24,9 35,6 20,5 3,6 0.2 0,4
Pentewan 5 1.2 2,1 26,5 44,8 21.5 3,6 0,2 0.1
Pentewan 6 0.0 0,0 2,5 39,1 48,2 9.9 0,3 0,02
Pentewan 7 0.0 5,9 87.1 6,7 0,2 0.1 0,0 0.0
Pentewan 8 0.2 8,7 80,3 8.6 1.3 0.5 0.0 0,0
Pentewan 9 34,5 36,1 13,2 7,1 5.3 3.1 0.8 0.0
Pentewan 10 0.1 0.2 1.1 10,1 18,0 65,0 5.6 0,0
Pentewan 11 15,7 17.8 18,3 25,1 20,9 1.9 0.1 0.0
Pentewan 12 1.7 2.6 5,7 30,6 56,6 2.8 0.1 0,01
Pentewan 13 1.6 17.4 41,6 33,9 4.9 0.5 1.6 0.0
Pentewan 14 0.2 9.0 62,7 13,0 11.3 3.0 0,01 0.0
Pentewan IS 7.7 20,4 21,2 26,8 20,6 3.2 0,1 0,0
Pentewan 16 0.8 13,0 16,1 23,3 38,9 7,6 0.2 0,0
Pentewan 17 0.8 22,6 11.6 13,3 38,4 14,0 0.2 0,0
Pentewan 18 11.2 72,0 5.3 2,6 6,1 2.9 0.1 0,0
Pentewan 19 1.1 4,5 4,9 14,3 66,3 8.8 0,1 0,0
Pentewan 20 49.5 23,5 7,7 6,4 10,9 2.1 0,0 0,0
Pentewan 21 0.2 7.1 21,1 48,9 14,3 7,0 1.4 0,0
Pentewan 22 0.0 0.1 0.5 2.3 10,6 64,5 21,8 0,1
Pentewan 23 0.1 0.6 1.7 11.2 71.6 14.9 0,0 0.0
Pentewan 24 0.4 2,1 24,2 61,3 11.0 1.1 0.0 0,0
Pentewan 25 0.0 0.0 0.1 11.2 78,5 10.1 0,0 0,0
Pentewan 26 0.0 0.1 3.0 48,5 37,6 10,7 0.1 0.0
Pentewan 27 0.0 0,4 3.4 28,7 53,1 13,6 0,3 0.5
River 1 52.7 13,6 9.9 8.6 8,8 4.8 1.4 0,3
River 2 71.9 11.1 4.1 5.1 2,5 0,7 0.3 0.5
River 3 2.3 1.4 0.7 0.7 0,6 1.2 4.3 88,8
(River 3 = wet sieved)
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'ITible 2.5. C o m p o s i t i o n  of each phi size of sediment from 
M e v a g i s s e y  Bay (figures are percent per g r ain size).
Key. phy - phyllite (lithoclasts), ccw = china clay waste, car = carbonate.
STATION phi -2 -1 0 + 1 +2 +3 + 4
phy- 0 2. 4 5. 4 22 7. 4 0.5 0
1. 01 ccw. 100 95. 2 87.5 77.6 92.6 99.5 100
c a r . 0 2. 4 7. 1 0. 4 0 0 0
phy. 0 0 0 21.5 0 2.9 0. 1
1.02 ccw. 0 . 0 0 2.3 93.8 96.2 99.9
c a r . 0 100 100 76.3 6.2 1 0
phy. 0 0 0 35.3 34. 7 5.5 3.9
1.03 ccw. 0 0 0 4.3 20. 5 94 96
c a r . 0 100 100 60. 4 44. 8 0. 5 0. 1
phy. 0 0 19.7 36.9 31.1 8. 6 4
1. 04 ccw. 0 0 1.5 11. 8 16. 8 55.4 95
c a r . 0 0 78.8 51.3 52. 1 36 1
phy. 0 0 33.6 57. 4 50.3 40 6
1. 05 ccw. 0 0 8. 6 6. 4 5.5 37.4 90
c a r . 0 0 57.8 36.2 44.2 22.6 4
phy. 64.2 72.6 44.9 65. 9 20.9 25 8
1. 06 ccw. 0 0 16.8 8. 1 12.6 65 90
c a r . 35. 8 27.4 38. 3 26 66.5 10 2
phy. 53. 3 14. 3 16 18 3 0.9 0.9
1. 07 ccw. 46.7 52. 4 32 72 95 99 99
c a r . 0 33.3 52 10 2 0. 01 0. 01
phy. 0 0 0 21 5. 4 4.7 4. 7
2. 01 ccw, 0 16.7 0 9. 4 63. 1 94. 4 94. 8
c a r , 100 83.3 100 69.9 31.5 0.9 0.5
phy. 0 0 29. 1 17. 9 11.3 15 1. 9
2. 02 ccw. 0 0 4.3 1. 1 17.9 84 98
c a r . 100 100 66. 6 81 70.8 1 0. 1
phy. 0 0 24.6 36.7 7. 4 38 44. 1
2. 03 ccw. 0 14.3 0 3. 7 15. 8 35 52. 7
car. 100 85.7 75. 4 59. 6 76.8 27 3.2
phy. 0 21.7 . 30 35.6 26.5 12. 4 2
2. 04 ccw. 0 0 2 5.9 6 14 97
c a r . 100 78.3 68 58.5 67.5 73.6 1
phy. 0 10.5 8 8. 3 10 40 • 65
2, 05 ccw. 0 1.2 ' 0 5. 6 15.8 45 34
c a r . 100 88.3 92 86. 1 74.2 15 1
phy. 82.4 83.6 70 43 25 42. 3 54
2. 06 ccw. 0 3. 8 11 22 17 13.7 41
c a r . 17.6 12.6 19 35 58 44 5
phy. 2.6 3.8 4.2 10. 5 13.8 15.8 10. 1
2.07 ccw. 0 0 0 1. 1 ,2.8 45. 1 79. 2
c a r . 97.3 96.2 95.8 88.4 83.4 39. 1 10. 7
phy. 29.6 14.6 19 34 22 13.5 10
2.08 ccw. 0 0 0.5 0 0 .22.6 90



















phy. 42.9 19. 1 26.3 67. 1 38 21 3
ccw. 0 0 6.5 0.6 2 32.8 95
car. 57. 1 80.9 67.2 32.3 60 46.2 2
phy. 0 0 7.2 30.4 15.3 31 5
ccw. 0 0 0. 3 0.5 0 38. 7 93
c a r . 0 100 92.5 69. 1 84. 7 30. 3 2
phy. 0 11.4 20.9 37.2 23. 4 21.9 8
ccw. 0 0 2.7 0 0. 1 35. 1 90
c a r . 100 88. 6 76.4 62.8 76.5 43 2
phy. 50 10 21.4 63.7 30. 4 13 15
ccw. 0 0 0. 3 1.2 0.4 67 75
car. 50 90 78.3 35. 1 69.2 20 10
phy. 25 10 49.8 82. 1 43. 7 0.5 1
ccw. 50 45 16. 1 7.7 48.8 99 99
c a r . 25 45 33.6 10. 2 7.6 0.5 0
phy. 0 42 53.5 76 3.9 0. 1 0
ccw. 0 47.6 42.3 22.9 95.7 99.8 100
c a r . 100 10. 4 4.2 1. 1 0. 4 0. 1 0
phy. 0 1. 4 16.2 23.2 6.2 0 0
ccw. 94.7 91.9 82.2 76.3 92.9 100 100
c a r . 5. 3 6.7 1.6 0.5 0.9 0 0
phy. 100 11.7 5.3 0.8 1.99 1.99 1.99
ccw. 0 82.4 91.8 98 98 98 98
c a r . 0 5.9 2.9 0.2 0. 01 0. 01 0. 01
phy. 0 0 0 56.5 15.6 0. 1 0
ccw. 0 0 0 19. 4 81.8 99.9 100
car. 0 0 0 24. 1 2.6 0 0
phy. 0 0 3. 6 11.8 7.9 1 0
ccw. 100 0 35.7 78 90. 1 98 ' 100
car. 0 100 60.7 10.2 2 1« 0
phy. 0 0 0 2. 7 8. 1 0 0
ccw. 100 33. 3 8.3 70.3 89.4 99.5 100
car. 0 66.7 91.7 27 2.5 0.5 0
phy. 0 0 0 28.2 4.9 0 0
ccw. 0 0 4 8. 5 65. 8 99.5 99. 9
c a r . 100 100 96 63.3 29.3 0. 5 0. 1
phy. 0 0 10 13.4 3.2 0. 1 0
ccw. 0 0 0 43.3 90 99.9 100
car. 0 0 90 43.3 6. 8 •0 0
phy. 0 0 8. 2 14.5 61.7 15 0
ccw. 0 0 0 0 21.3 83 100
car. 100 100 91.8 85.5 17 2 0
phy. 0 0 14.7 6.8 23. 8 2 2
ccw. 0 0 0 0 2.9 95 95
c a r . 0 100 85.3 93.2 73.3 3 . 3
phy. 0 0 0 27.3 29. 1 3 0.5
ccw. 0 0 0 7.6 38.6 95 99
c a r . 0 100
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100 65. 1 32.3 2 0.5
Table 2.5, continued.
phi -2 -1 0 + 1 +2 +3 +4
phy. 0 0 3.9 20.6 19 3 0, 1
4. 01 ccw. 0 0 1.3 0 0. 2 87 99
car. 100 100 94.8 79.4 80.* 0.9
phy. 23.8 10.8 18.6 16. 1 12.1 : 3 0. 1
4. 02 ccw. 0 0 0 5. 1 48. 1 87 99
c a r . 76.2 89 81. 4 78.8 39.8 10 0.9
phy. 0 0 7.6 38. 1 65.9 15 2
4,03 ccw. 0 0 0 3.3 0 80 97
c a r . 100 100 92.4 58.6 34. 1 5 1
phy. 50 6. 1 19 36.8 68.8 20 1
4. 04 ccw. 0 3 11.8 6.5 4.8 60 98
c a r . 50 90.9 69.2 56.7 26. 4 20 1
phy. 0 0 18.6 56.3 36.3 2 0. 1
4. 05 ccw. 0 0 4.3 4. 8 13.9 92 99
c a r . 100 100 77 39 49.8 8 0.9
phy. 0 14.3 0 0. 7 11.5 8 5
4. 06 ccw. 0 0 0 1,6 7. 7 82 94.5
car. 100 85. 7 100 91. 4 80. 8 10 0.5
phy. 0 0 8 8.5 32.8 8 6
4. 07 ccw. 0 7.7 0 2.8 2. 1 85 93









-1 0 + 1 +2 +3 +4
5. 02
phy 0 0 17.5 23.6 30 10 10
c c w 0 0 2.6 7.9 15 20 70
car 100 100 79.9 68.5 55 70 30
5. 03
phy 70.6 20.2 11.8 20 66.7 10 10
c c w 0 0 0.5 0 27.8 20 65
car 29. 4 79.8 87 80 16.5 70 25
phy 0 5.9 13 6. 1 15 0 0
5. 04 c c w 0 0 0 0 5 70 99
car 100 94. 1 87 93.9 80 30 1
phy 0 0 10. 1 1 3 20 0
5. 05 c c w 0 0 0 1 7 75 99
car 100 100 89. 9 98 90 5 1
phy 84.9 38.5 25 35 5 28 21
5, 06 c c w 0 0 0 0 0 0 0
car 15. 1 61.5 75 65 95 72 79
phy 68.2 51.4 33. 8 59 3 4 25
5. 07 c c w 0 0 0 0 2 1 60
car 31.8 48.6 66.2 41 95 96 15
phy 0 0 5.4 9.5 15 15 1
6. 01 c c w 0 0 0.9 9.5 10 60 98
car 0 100 93.7 81 75 25 1
phy 0 0 30 40 35 10 0.5
6. 02 c c w 0 0 10 15 15 80 99
car 0 100 60 45 50 10 0. 5
phy 0 0 0 20 2 0. 1 0
6.03 c c w 0 0 5.9 8 28 99 100
car 0 0. 1 94. 1 78 70 0.9 0
phy 0 0 0 20 2 0. 1 0
6. 04 c c w 0 0 5.9 8 28 99 100
car 0 100 94. 1 78 770 0. 9 ‘ 0
phy 33 26.3 6.8 4.5 15 30 18








73.7 90. 1 95. 4 85 20 2
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Table 2.5. continued.
phy 0 4. 4 0 0 19.4 20 16. 07 c c w 0 0 0 0 0 50 95
car 100 95. 6 100 100 80. 6 30 4
phy 0 0 0 11.7 2 20 106. 08 c c w 0 0 0 0 G 80
car 100 100 100 88.3 98 10
phy 0 6.7 0 5.4 4.5 13. 3 10
6.09 c c w 0 6. 7 0 0 0 0 80
car 100 86. 6 100 94.6 95.5 86.7 10
phy 11.8 0 10 10 40 20 4
6. 10 c c w 0 0 0 0 0 60 95
car 88.2 100 90 90 60 20 1
phy 0 0 20 50 85 69 0.9
6.11 c c w 0 0 0 0 1 30 99
car 100 100 80 50 14 1 0. 1
phy 6.5 22.2 33. 1 71. 4 60 90 0
6. 12 c c w 0 0 0 8. 6 30 9 0
car 93.5 77.8 66.9 20 10 1 0
phy 0 0 20 15 80 75 1
6. 13 c c w 0 0 0 5 0 5 99
car 0 100 80 80 20 20 0
phy 0 0 5 75 30 5 9
6. 14 c c w 0 0 0 0 65 70 90
car 0 100 95 25 5 25 1
phy 0 12.5 30 70 70 60 10
6. 15 c c w 0 0 0 15 5 30 89
car 0 87.5 70 15 25 10 1
phy 53. 4 19.2 10 75 40 30 4
6. 16 c c w 0 0 1 13 20 30 95
car 46.6 80.8 89 12 40 40 1
phy 0 2.3 10 5 8 30 0. 1
6. 17 c c w 0 0 0 0 2 10 99.8
car 100 97.7 90 95 90 60 0. 1
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Table 2.5. continued.
-1 0 + 1 +2 +3 +4
phy 10. 1 2 . 5 0.8 0. 1 0 0 0
P e n t e w a n  1 c c w 8 9 . 9 97 9 9 . 2 99. 9 100 100 100
car 0 0.5 0 0 0 0 0
phy 2 0. 9 0. 9 1 0 0 0
P e n t e w a n  2 c c w 98 99 9 9 . 9 99. 9 100 100 100
car 0 0. 1 0. 1 0 0 0 0
phy 0 2 0.5 0 . 5 0 0 0
P e n t e w a n  3 c c w 0 98 99.5 9 9 . 5 100 100 0
car 0 0 0 0 0 0 0
phy 1 0 . 3 1 0 0 0 0 0
P e n t e w a n  4 c c w 8 9 . 7 99 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 2 0 0 0 0 0
P e n t e w a n  5 c c w 100 98 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 1 0 0 0 0 0
P e n t e w a n  6 ccw 0 99 100 100 100 100 IfpT
car 0 0 0 0 0 0 0
phy 0 1 0 0 0 0 0
P e n t e w a n  7 c c w 0 99 100 100 100 100 100
car 0 0 0 0 0 0 '  0
phy 0 1 0 0 0 0 0
P e n t e w a n  8 c c w 0 99 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 4 0 0 0 0 0
P e n t e w a n  9 c c w 0 96 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 0 0 0 0 0 0
P e n t e w a n  10 c c w 100 100 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 4 1 0 0 0 . 0 0
P e n t e w a n  11 c c w 96 99 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 2 0 0 0 0 0
P e n t e w a n  12 c cw 100 98 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 0 5 0 0 0 0
P e n t e w a n  13 c c w 100 0 95 100 100 100 100
car 0 0 0 0 0 0 0
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Table 2.5. continued.
phy 0 1 0.5 0 0 0 0
Pentewan 14 c c w 100 99 99.5 100 100 100 100
car 0 0 0 0 0 0 0
phy 10 2 0 0 0 0 0
Pentewan 15 c c w 90 98 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 1 0 0 0 0 0
Pentewan 16 c c w 100 99 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 11.1 1 0 0 0 0 0
Pentewan 17 c c w 88.9 99 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 8 3 0 0 0 0 0
Pentewan 18 c c w 92 97 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 25 1.5 0 0 0 0 0
Pentewan 19 c c w 75 98 100 100 100 100 100
car 0 0.5 0 0 0 0 0
phy 6 1 0 0 0 0 0
Pentewan 20 c c w 94 99 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 0 0 0 0 0 0
Pentewan 21 c c w 100 100 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 0 0 0 0 0 0
Pentewan 22 c c w 0 100 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 0 8 0 0 0 0 0
Pentewan 23 c c w 100 92 100 100 100 100 100
car 0 0 0 0 0 0 0
phy 53.5 26.6 8 2.5 1 0.9 0
Portgiskey 1 c c w 44.2 68.5 91.5 97 98. 9' 99 0
car 2. 1 4. 9 0. 5 . 0.5 0. 1 0. 1 0
phy 0 50 21 11 6.5 1 0
Portgiskey 2 c c w 0 50 79 89 93.5 99 0
car 0 0 0 0 0 0 0
phy 12.6 5 98 99 100 100 100
River 1 c c w 83.7 95 2 1 0 0 0
car 0 0 0 0 0 0 0
phy 70 5 2 0.5 0 0 0
River 2 c c w 30 95 98 99.5 100 100 100
car 0 0 0 0 0 0 0
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Table 2.5. continued
-2 -1 0 + 1 +2 +3 +4
phy 99.3 97 99 97 99 99* 100
Black Head Cove c c w 0 0 0 0 0 0 0
car 0.7 3 1 3 1 1 0
phy 100 99.7 99.9 99.8 99 99.8 100
House Cove c c w 0 0 0 0 0 0 0
car 0 0. 3 0. 1 0. 2 1 0.2 0
phy 100 100 100 100 100 100 0
P o l rudden Cove ccw 0 0 0 0 0 0 0
car 0 0 0 0 0 0 0
phy 53.5 26. 6 8 2.5 1 0 0
P o r t g i s k e y  1 C C W 44. 2 68. 5 91.5 97 98.9 99. 1 0
car 2. 3 4.9 0.5 0.5 0. 1 0. 1 0
phy 0 0 9. 1 20 3 0 0
P o r t g i s k e y  2 c c w 0 0 72. 7 70 97 100 100
car 0 0 18.2 10 0 0 0
phy 99.9 99.9 99.9 98 69 0 0
Po l s t r e a t h  1 c c w 0 0 0 10 30 0 0
car 0. 1 0. 1 0. 1 2 1 0 0
phy 100 99.9 99.9 99.5 98 96.9 80
P o l s t r e a t h  2 c c w 0 0 0 0 1.9 3 20
car 0 0. 1 0. 1 0. 5 0. 1 0. 1 0
phy 100 99.5 99.9 99.9 89 85 0
P o l s t r e a t h  3 ccw 0 0 0 0 10.9 14.9 ' " 0
car 0 0.5 0. 1 0. 1 0. 1 0. 1 0
phy 100 99.5 99.5 99.5 99.9 99.9 0
Po l s t r e a t h  4 c c w 0 0 0 0 0 0 0
car 0 0.5 0.5 0.5 0. 1 0. 1 0
phy 100 99.5 99.9 99.9 99.9 0 0
P o l s t r e a t h  5 c c w 0 0 0 0 0 0 0
car 0 0.5 0. 1 0. 1 0. 1 0 0
phy 100 100 100 40 29 5 0
Mevagissey H a r b o u r c c w 0 0 0 60 70 95 0
car 0 0 0 0 1 0 0
phy 90 98 84 75 59 *59 0
Po r t m e l l o n  Cove c c w 0 1 15 23 40 40 0
car 10 1 1 2 1 1 0
phy 99.9 99.9 87 88 63 95 98
C olona Cove c c w 0 0 10 9 35 4.9 1
car 0. 1 0. 1 3 3 2 0. 1 1
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The presence of rocky outcrops was s u g gested by the 
r epeated failure of the grab to work at s t ation 6.06. At 
station 5.01 the anchor dredge bought up only slabs of 
phyllite, some over 30cm in length. They were covered in 
various en c r u s t i n g  calcareous organisms such as serpulids, 
foraminifera and bryozoans
3A) Sandy china clav waste
This sediment has less than 40% mud and is dominated by 
china clay waste. The sediment has a unimodal grain size 
d i s t ribution (figure 2.7). Such sediment is found both on 
Pentewan Beach and in a s h a l l o w  sublittoral strip 
n e i g h b o u r i n g  the beach from Black Head to Penare Point. The 
sandy china clay wastes can be s u b d i v i d e d  into three 
categories; muddy sandy clay waste, fine sandy clay waste
and coarse china clay waste. The first two are confined to 
the sublittoral region and the latter to the littoral and 
supralittoral areas of Pentewan Beach
Fine sandy clay waste occurs at stations; 1.01, 3.02, 3.04 
where the water depth never exceeds 5 metres. These are 
closest to Pentewan Beach and have less than 5% mud. The 
muddy, sand clay waste is found at stations; 1.07, 3.01,
3.03, 3.05, 3.08, 3.09, 3.10, 3.11, 3.12 and 6.03 (figures
2.04, 2.06) whose water depth never exceed 15 metres. They
c omprise between 5 and 40% mud. (Figure 2.7 and 2.8). The 
two sediment types occur in parallel strips, the clean sand 
in juxta p o s i t i o n  to the beach and the muddy sand clay
waste seawards of this.
C hina clay waste in the form of quartz forms over 95% in 
all the sediment samples (Figure 2.8) and mica is present 
only in small p roportions in the +3 and +4 phi fractions. 
L i t h o c l a s t s  and carbonate never i ndividually exceed 5% of 
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Figure 2.8 C o m p o s i t i o n  of sand sized fraction of muddy sand
clay waste (station 3.09) and fine sandy clay waste (station
3.02) (percentage on the Y axis refers to total pe r c e n t a g e  for
whole sediment sample. (Phy. = phyllite and other lithoclastic
material, ccw. = china clay waste and car. = carbonate).
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The coarse sandy clay waste is found on P entewan Beach. It 
contains no mud. The beach can be d i vided into three zones 
which run parallel to the shoreline. The first zone closest 
to the shore is 3 0 m  wide and is c o mposed of coarse sand 
(Figure 2.9, 2.10). It cons i s t s  of a large ridge about 3m.
high which runs a l ong the whole length of the beach. Zone 2 
is a 10* slope 15m wide. At the top of this slope is the 
high water mark where the strand line composed of a 
c o n c e n t r a t i o n  of, drift-wood, shells, seaweed and r u b bish is 
found. D uring low tide water drains fr o m  the foot of this 
slope onto Zone 3, e r o ding small rills and runnels into the 
slope (Plate 2.4). It is beli e v e d  that this water is 
seawater from the p revious high tide d r a i n i n g  from the 
porous ridge. Al o n g  the seaward slope of zone 1 is a layer 
of fine to m e d i u m  sand l-3cm thick o v e r l y i n g  the coarse 
sand. Pits, up to 0.5m. deep were e x c a v a t e d  into both
zones one and two. The grain size was shown to be variable 
with n u merous layers of coarse sand, and even fine gravels. 
It was not possible to cor r e l a t e  these various layers 
between the five pits dug. The only visible struct u r e s  were 
occasional l-2cm layers of well sorted very coarse sand or 
g r a n u l e s  (Figure 2.10).
Zone 3 is the rest of the beach from Zone 2 to the low 
water mark. The slope is no more than 2*. It consists of 
m e d i u m  sand g r a d i n g  into fine sand at the l o w  tide mark and 
in places is rippled (Plate 2.3). This has less than 1% mud.
The sand bar bloc k i n g  the harbour channel was sampled. The 
sand became finer closer towards the harbour (Figure 2.11).
In all but two of the P e ntewan Beach samples china clay 
waste made up over 98% of the total sediment sample, Only 
at P o r tgiskey (Figure 2.10) was there a si g n i f i c a n t l y  large 
p r o p o r t i o n  of lithoclastic material. It is belie v e d  the 
ridge of rocks in this area b l o cked the s o u t herly movement
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of the coarser material and s upplied more siliclastic 
material into this area.
The very coarse clay waste found on Pente w a n  Beach is 
clearly not typical of the m i c a ceous waste and is coarser 
than the m i c a c e o u s  residue d i scharged into the W hite River
over the last 150 years. It could have come from three
possible sources; accidental discharge of coarse china clay 
waste into the river both by man and natural run off fro m  
the quarry work i n g s  and tips; poor se p a r a t i n g  techniques in 
the past a l l o w i n g  some coarse material to escape into the 
river and finally; the delib e r a t e  d i s c harge of all china 
clay w aste including the sandy co m p o n e n t s  early on in the 
hi s tory of the china clay industry. E arly records refer to 
the waste as "sand" (Lewis, 1981) but whether this means 
sand, s e n s o  s t r i c t o or Just loose t e rminology cannot be 
ascertained.
The d i s t r i b u t i o n  of sandy china clay waste is a function 
of continual win n o w i n g  of waste by waves which is related to 
water depth. Close to the shore the conditions are 
frequently turbulent i n h ibiting the d e p osition of mud. In 
deeper water,^ c o nditions are calmer a l l o w i n g  the deposition' 
of finer material, this causes the reduction of g rain size 
and increase in mud content from Pentewan Beach to the outer
limits of the muddy sand waste deposits which grade into the
silty china clay waste deposits.
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Plate 2.1; Coarse clean sandy china clay waste, Pentewan Beach 
(sample: Pentewan 14)
Plate 2.2; Coarse lithoclastic sand from Portmellon Cove.
Plate 2.3; Ripples on Pentewan Beach (soft drink tin for scale on left) 
Over 99% of the sand is china clay waste.
Plate 2.4; Sea water draining from the base zone 2 onto zone 3, Pentewan 
Beach. Over 99% of the sand is china clay waste.
3B> Silty china clay waste (Plate 2,5. Figu r e  2.6))
The china clay waste silt is the most extensive surface 
sediment of M e v a g i s s e y  Bay, it covers a p p r o x i m a t e l y  half of 
the bay. It is c h a r a c t e r i s e d  by a unimodal gr a i n  size 
d i s t r i b u t i o n  with over 40% finer than +4 phi. China clay 
waste m a k e s  up a large propo r t i o n  of the sediment (Figures 
2. 12 and 2. 13). The g r a i n  size d i s t r i b u t i o n  varies s lightly 
from s t a t i o n  to station: in station 2.03 the mode is +4,
(Figure 2.12), in others the mode is clearly in the +5 phi 
d i v i s i o n  (eg. S t ation 4.03, Figure 2.12), In all the samples 
the +6 phi component rarely exceeds 10% and the finer 
fractions again rarely total more than 10% of the total 
sediment. This id e n t i f i e s  the sediment as a silt rather than 
a clay.
Silty china clay w aste is compo s e d  of: quartz, mica, rare
feldspar and tourm a l i n e  in the +1 to +2 phi fractions, with 
quartz and mica in the +3 phi to +4 fraction usually in 
equal proportions. A l t h o u g h  car b o n a t e  rarely makes up more 
than 2-3% of the total sediment comp o s i t i o n  it appears to 
c o n c e n t r a t e  in the larger g rain size fractions while the 
lith o c l a s t s  again never m a k i n g  up more than 2-3% of the 
total h a v i n g  their m a x i m u m  occur r e n c e  in the +2 to +3 phi 
f raction (Figure 2.13).
Seaw a r d s  of the major area of silty china clay waste 
there is a gradual 300m. wide transition from the silt to 
shell gravel. The silt can still be identified as china clay 
waste but the -2 to +2 fractions become dominated by 
carbonate. C a r b o n a t e  makes up almost 100% of these size 
fractions (and up to 12% of the total sediment). The clay 
and silt content, however, is still above 40%.
The mud f raction of sample 2.03 and 4.04 were examined by 
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Figure 2.12; Grain size d i s t ribution for silty china clay 
waste (stations 4.03 and 2.03)@i
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Fleure 2. 13; C o m p o s i t i o n  of sand sized fraction of silty 
china clay w aste for stations 2.03 and &.03 (percentage on the 
Y .axis refers to total percentage for whole sediment ^sample. 
(Phy. = phyll i t e  and other lithoclastic material, ccw. - china
clay waste and car. = carbonate).
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Plate 2.5: Silty china clay waste overlying shell gravel from station 1.04 
(vibrocore 1.3).
a) Sliced core.
b) Sliced impregnated core section.
in kaolin (recognised by morphology). X.R.D analysis 
c on f i r m e d  the e x i stence of a high kaolin content but no 
q u a n t i t a t i v e  analyses was undertaken.
3D) Muddy gravels
The coarsest sediments found in this study are gravels 
found on the outer reaches of Mevag i s s e y  Bay at stations; 
1.06, 2.06, and 5.03 and also at 2,07 and 2.08. Unlike the
other s ediments types recovered from M e vagissey Bay these 
have a bimodal grain size d istribution (Figure 2.14).
Of all the sediments these are the most variable in grain 
size dis t r i b u t i o n  and composition. The gravels r ecorded from 
S t ation 1.06 and 2.06 were rich in lithoclastic material. 
S t ation 2.07 is very rich in coarse c arbonate and is 
d o m i nated by coralline algae. Station 5.03 is rich in 
m o l luscan carbonate. In all these sediment s a m ples the 
coarsest of the two peaks in the grain size di s t r i b u t i o n 
graphs was either lithoclastic or carbonate while the finer 
peak was dominated by china clay waste. This could be 
b ecause the original sediment was very coarse and s u s p ended 
fine clay waste settled in the very cal m  interstitial water. 
This would create the bimodal d istribution seen in the 
sediment histograms, the coarse peak repres e n t i n g  the 
original mode and finer peak, the clay waste.
These coarse deposits probably represent the natural 
s e d iments of the bay prior to china clay waste d u mping and 
are similar to the gravels found beneath the china clay 










F igure 2.15; C o m p o sition of sand sized fraction of muddy 
shell gravel (percentage on the Y axis refers to total 
pe r c e n t a g e  for whole sediment sample). (Phy. = phyllite and 
other lithoc l a s t i c  material, ccw. = china clay waste and car. 







Plate 2.6: Muddy shell gravel from station 1.06 (vibrocore 1.5) 
a) Sliced core
b> Sliced Impregnated core section.
d) Shell Sands
Shell sands have at least 70% carbonate, and like the 
sandy china clay waste the grain size di s t r i b u t i o n  is 
unimodal (Figure 2. 16) with less than 2% of the total 
sediment being c o mposed of mud. Such sands are found in the 
southern part of the bay and were s a mpled at stations; 6.04, 
6.05, 6.07, 6.08 and 6.09, Of these stations, station 6.05
yielded the coarsest sand with 67.7% being -1 phi or 
coarser. M o v i n g  eastwards, the shell sands are finer with 
17.2% of 6.07 lying in this size range and at 6.08, 7.7%.
The finest shell sand occurs 0 . 5 k m  north of 6.08, at station
6.09 where the coarsest component makes up only 1% of the
total sediment sample (see Figure 2.17).
C a r b o n a t e  dominates the sediment with all but sample 6.04 
with 90% of the total being c omposed of carbonate. China 
clay waste never makes up more than 6.5% and lithoclasts 
exceeds 7% only in station 6.04. The close p r o ximity to the 
cliff is the sus p e c t e d  reason for the increase in phyllite 
in this sample.
The occur r e n c e  of these shell sands are important for they 
may give an indication of the types of sediment which are 
present under the china clay waste over the rest of the bay. 
They demo n s t r a t e  the lack of natural siliclastic deposition 
in the area. Two reasons could account for this,
i) The natural s i liclastic load of the White River could
be very minor.
ii) The input from cliff erosion is very minor due to the 
fine grain size of the D e vonian phyllites. Merefield (1981, 
1982, 1984) worked on littoral sediments around the whole 
coast of Cornwall and Devon and found where the cliffs were 
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F igure 2.16; Grain size distri b u t i o n  for shell sands.
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Figure 2.17; C o m p o s i t i o n  of sand sized fraction of shell sanag- 
(percentage on the Y axis refers to total percentage for whole 
sediment sample) superi m p o s e d  on their location in Mevagissey 
Bay. Notice gradual reduction in grain size from west to east. 
(Phy. = phyllite and other lithoclastic material, ccw. = china 
clay waste and car. = carbonate).
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mPlate 2.7; Shell sand (station 6.04).
the South Devon coast, carbonate content was low because of 
the dilution by large amounts of eroded N e w  Red Sandstone 
fragments, elsewhere where the cliffs were more resistant 
the car b o n a t e  content was higher. Dyer (1970) found the 
car b o n a t e  content of sublittoral sediments in C h r i s t c h u r c h  
Bay became smaller closer to the cliffs at Barton due to the 
d ilut i o n  of sand and mud from the T e r t i a r y  sediments. In the 
case of Me v a g i s s e y  the opposite is true, the phyllites  
probably b r e akdown down into clay sized particles and so are 
c a rried out of the bay in suspension a llowing the enrichment 
of carbonate. Holme (1966) s u g g ested this as the reason why 
D e v o n i a n  phyllites c o n tribute only minor amounts to the sand 
and gravel deposits in the Western English Channel.
The coarseness of the sands in samples; 6.04 and 6.05 can 
be attri b u t e d  to the shallowness of the sea at these points; 
7m  and 14m respectively. Being closer to wave base they are 
thought to be s u b jected to stronger and more frequent 
sorting. This could account for the lack of china clay waste 
as no material of any sort +5 phi of finer is found in these 
s a m p l e s .
3E) Lithoclastic Sands
Lithoclastic sands are dominated by phyllite and vein 
quartz and were sampled only at the one sublittoral station; 
6. 12 in 8 m  of water. Over 80% was 0 phi or coarser. There 
was no mud present (Figure 2.18). The high abundance of 
siliclasts is due to the proximity of the cliffs at Penare 
P o i n t .
Lithoclastic sands were also found on all the beaches 
other than Pentewan (Figure 2.19), They are g e n e rally coarse 
and have no mud.
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Figure 2. 18; Location, grain size and composition of the 
siliclastic sands found at station 6.12. (Phy. = phyllite and 
other lithoclastic material, ccw. = china clay waste and car. 
= carbonate).
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Figure 2.19; Variation in composition of beach . sediments in
(Phy. = phyllite and other lithoclastic 
material, ccw. = china clay waste and car. = carbonate).
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No china clay waste is found on the other beaches. This, 
together with coastal morphology, suggests that longshore 
drift is not prevalent in this region. Further evidence for 
the lack of longshore drift of material is that the beach 
sands are composed of vein quartz and phyllite which is the 
local l ithology of the cliffs. As most of the beaches are 
c o mposed of coarse sand the lack of china clay waste could 
simply be due to the wave activity being to s trong to a l l o w  
fine china clay waste to accumulate on these beaches.
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4) Discussion of the distribution of sediments
in Mevagissey Bay
The p r e s e nt-day distribution in Mevagissey Bay is the 
result of the hydrographic conditions in the bay, coupled 
with the clay waste deposition and the lack of natural 
clastic input into the bay. Subsequent sections will show 
that the natural sediments of the bay were coarse shelly 
gravels, which have been buried beneath the silty clay 
w a s t e .
The relatively sheltered position of the bay has resulted 
in the majority of the fine grade china clay waste remaining 
w ithin the confines of the bay. As the large majority of the 
china clay waste is fine grade (around +4 and +5 phi) it has 
been deposited in the quieter areas of the bay. The southern 
part of the bay must be more exposed which prevents the 
d e position of fine clay waste in this region. The grain size 
d i s tribution of the shell sand ranges from -1 phi in s h a l l o w  
water to +2 phi in deeper water while the modal size of the 
majority of the china clay waste is around +4 and +5 phi and 
even allo w i n g  for the density difference of carbonate and 
s ilicates the china clay waste appears to be too fine to be 
d ep o s i t e d  in this region. Coarse china clay waste with a 
modal g rain size of around 0 phi to +2 phi does occur on 
P e ntewan Beach a n d ^ c l o s e  inshore to Pentewan. „  - "fhis 
sediment is not thought to be carried to the southern region 
of the bay over the large of china clay waste silt. The 
fining of the shell sand with depth also supports the 
concept of waves c o n t r olling s e dimentation in Mevagissey 
Bay. This results in only coarser sediments being deposited 
in the shallower regions of the Bay.
As discussed above the very coarse clay waste remains on 
P e ntewan Beach where it has been washed onto the ridge 
d esc r i b e d  as Zone 1 and 2. It is unlikely that this material
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will ever be removed by natural processes under normal 
conditions.
Towards the eastern limits of the bay the muddy gravels 
appear, the finest of the china clay waste has settled 
ca u s i n g  a rise in the mud content of these previously coarse 
gravels. The origins of there gravels will be discussed 
b e l o w  and in greater detail in Chapter 7.
77
5) The. h_ls_tory of. sedimentation in Mevagissev Bay
5A) The original sediments
Probert (1973) and Portmann (1970) used the following 
lines of evidence to suggest that a muddy shell gravel was 
the original deposit lying beneath the china clay waste of 
Me v a g i s s e y  Bay:
i) A d m i r a l t y  charts made in the late eighteenth century
re c o r d e d  the bott o m  as being rock with coarse stones and
sands while a more detailed survey carried out in 1855
(Probert 1973) made no mention of clay and described the
b o t t o m  as being a mixture of stones, rock, coral (now known 
to be coralline algae) and sand (Portmann 1970).
ii) In the n e i g h b o u r i n g  Veryan Bay, southwest of Dodman 
Point (Figure 2.2) which was only very mildly a f fected by 
china clay waste sedimentation, the substrate is coarse 
sand and gravel and so such deposits were likely to have 
been the original sediment of M e vagissey Bay (Portmann 
1970). Veryan Bay, however, is a much more exposed bay, 
disturbed by waves and swell from the south west (N.A. Holme 
pers comm) and so a coarse substrate is expected.
iii) Coar s e  g r avels are the natural sediment for the area of 
the Western English Channel (Holme 1961a, 1966, Wilson 1982, 
in p r e s s ) .
With c oarse sediments being the natural sediments both on 
a local scale and more regional scale it seems logical to 
expect the sediments in Mevagissey Bay to have • been 
or i g i n a l l y  coarse grained.
Sediment samples taken by Holme in 1950 (samples 33 and 
101) suggest the existence of coarse sediment at the surface
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close to the mouth of the White River (Probert 1973), The 
location of these stations and grain size distributions is 
given in Figures 2.20 and 2.21. Sample 33 has a grain size 
d i s t r i b u t i o n  similar to the china clay waste but the reputed 
li g h t -brown colour c o n trasted with the present day very 
light grey colour of the china clay waste. Sample 101, taken 
185m north of sample 33 is very coarse with over 80% being 
coarser than -1 phi. This sediment was described as being 
compo s e d  mainly of the calcareous alga Litho t h a m n i o n  
calcareum. Alth o u g h  this coralline has been recorded in all 
s u b sequent surveys it has never been recorded as close to 
the river mouth as this. This suggests a change in the 
d i s t r i b u t i o n  of sediments close inshore which is reflected 
in the micaceous residue load of the White River (see 
C h apter 1, section 2d). In the interval between the surveys 
by Holme in 1950 and the M i nistry in 1968 (Portmann 1970) 
a p p r o x i m a t e l y  5 million tons (30% of total) of waste was
d i scharged into the bay.
Both Portmann (1970) and Probert (1973) discussed the 
coring programme carried out by the Marine Mining C o ­
operation in 1968, and Probert (1973) used it to construct 
his sediment thickness map (Figure 2.3) so it seems
s u rprising that these authors failed to realise the 
s ignif i c a n c e  of the gravel at the base of the cores and 
quote it as direct evidence for the existence of shells 
gravels b elow the china clay waste. Close inshore this
gravel was mainly pebbly but further out to sea the gravel 
was shell rich (Figure 2.22) (Marine Mining C o - o peration 
1969).
The Mini n g  Co-op e r a t i o n  coring survey was taken with a 
"Sparker" which recorded the depth of the bedrock. It 
r evealed the existence of a submerged valley running
s o u t h w a r d s  from the mouth of the River Par in St Austell 
Bay. Several tributaries run into the valley and the western
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Figure 2.20; Location of sample station for Holme's samples 33 
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Figure 2.21; Grain size distribution for sediment samples 
col l e c t e d  by Holme (1950), data from Probert 1973.
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tip of one lies just within the limits of Mevagi s s e y  Bay.
These valleys are n o w  infilled by sediment; a coarse gravel
at the base then fine silts and muds, overlain by shell
gravel (see Figure 2.23),
The cores taken by the Marine Mining Co- o p e r a t i o n  in 1968 
are no longer available and their descriptions are not 
d etailed and so a coring programme was undertaken as part of 
the current work. This included gravity cores, box-cores and 
vibrocores. These cores confirmed the existence of a shell 
gravel b e l o w  the china clay waste and there location is
given in Table 2 . ^  and a summary logs for the cores with 
the best p enetration at each station cored is given in 
F igu r e  2.24.
2 ^  L is l qL cores taken in  M s .  study which revealed M l  existence o± gravels below 
M .  china clay waste.
Core number and type Station Depth below China clay waste.
Box-core reserve I Station 2,04 beneath 20cm China clay waste
Box-core reserve 2 Station 2,04 beneath 27cm CCV
Gravity core 4 Station 2,02 beneath 24cm CCW
Gravity core 7 Station 2,03 beneath 25cm CCW
Vibrocore 1.2 Station 1,03 beneath 45cm CCW
Vibrocore 1.3 Station 1,04 beneath 38cm CCW
Vibrocore 1,5 Station 1,05 gravel at surface
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Figure 2.22; Logs of vibrocores taken by marine Mining C o ­
o p e r ation in 1968 (original descriptions 'made available by the 





















Figure 2.23; Logs of vibrocores taken in Mevagissey Bay and St
Austell Bay which s h o w  the infilling of submerged valleys by
fining up s equences of gravels overlain by sands and silts.
These sedeimnts are overlain by shell gravels. Cores were
taken by the Marine Mining Co-ope r a t i o n  in 1968 and the 
d e s criptions of these cores were made available to the author 
by the BGS in November 1987. For Key see figure 2.22_.  _________
lack Heàd
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S c  ei 1  eM e v a g I s s e y
S a m p l i n g  poi n t s
V i b r o c o r e s  s a m p l e s
G r a v i t y - c o r e  s a m p l e s
Chapel Point B o x - c o r e  s a m ples
Goa r se shells
C o a r s e  l i t h o c l a s t s
Figure 2.24; Summary of the cores taken in 1986/7. Where more 
than one core was taken from the same station, only the core 
with the deepest p e netration is shown.
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The sediment found at the b o t t o m  15cm of v ibrocore 1.3 was 
divided into two, the bott o m  7.5cm (1.3A) and the o verlying 
7 . 5 c m  (1.3B) (Figure 2.25). This sediment was very coarse
with most material being retained in the -2 phi sieve. In 3A 
the m a j o r i t y  of the material is lithoclastic while in 3B the 
majo r i t y  was mol l u s c a n  carbonate. The commonest mollusc in 
3A is Ostrea edulis which suggests a change in conditions to 
those of today, perhaps salinity. The sediment at the base 
of this core is orange while in the other cores it is grey. 
The grey is typical of china clay waste and possibly other
marine mud. The orange colour in this core could be the
result of o x i dation of iron during subaerial exposure during 
a glacial period, this was suggested for similarly c oloured 
se d i ments relict sediments on the North American Shelf 
(Swift et al 1971).
If the bed rock had been reached in this core then the 
basal gravel and sediment prior to china clay waste dumping  
was only 20 c m  thick. It consisted of a badly sorted 
li t h oclastic gravel with only a minor silt and clay content. 
The orange colour suggests a subaerial formation and
confirms this sediment as being a relict sediment. The
sediment was m odified by the insitu accumu l a t i o n  of 
carbonate. It can be assumed that this type of sediment 
extended closer inshore from the samples collected by Holme 















Figure 2.25; C o m p o s i t i o n  and grain size d i s tribution of 
g r avels found at the base of vibrocore 3 (Lith = lithoclasts, 
CCW = china clay waste, car = carbonate).
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3B) A summary of. the h i s tory of s e d i m e n t a t i o n  in Mevagissey
B a x
Ut i l ising the small amount of data on the sediment prior 
to china clay waste dumping and the larger, surface sediment 
data a s u m mary of the history of s e d i m e ntation in 
M e v a g i s s e y  Bay is proposed below and in Figure 2.26:
Stage 1 ; 8,000 yr B.P.
The rock floor of Mevag i s s e y  Bay is covered by a coarse 
gravel rich in phyllite and vein quartz fragments fro m  the 
local Devo n i a n  rocks of the area which were recorded in the 
cores taken in 1968. The valley in the eastern limits of the 
bay is also floored by a coarse gravel. These sediments 
become colonised by epibenthic species including molluscs 
and c o r a lline algae. The r e d d y -brown c olouration recorded at 
the base of vibrocore 1.3 suggests subaerial w e a t h e r i n g  at 
some stage in their formation. The sea level was 25metres
b e l o w  its present level (Devoy 1977) and reached its present
level at around 2,000 years B.P.
Stage 2 ; 8,000 years B.P. - 1200 AD.
The valley has been filled by finer deposits s ettling out in 
the calmer waters of the deep submarine valley (the actual 
timing of the valley infill cannot be established, it may 
have also occurred during the period of rising sea level). 
This has resulted in a fining up s equence in the submerged 
valley of M e vagissey Bay and St Austell Bay. M o l l uscan 
shells and dead fragments of coralline algae have enriched 
the original gravels of Mevagissey Bay to form shelly 
gravels, a similar insitu mode of formation for other, shell 
gr a v e l s  in the English Channel is proposed by Wilson (1982).
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stage 3 ; 1200 AD. - 1850 AD.
The sub m e r g e d  valley is n o w  infilled by sediments and the
top becomes increasingly coarsened by shells. The r e m a ining
g r avels cont i n u e  to become enriched in shells.
The op e n i n g  of alluvial tin extraction industry in Pentewan 
at the beg i n n i n g  of the thirteenth century saw the next 
major cha n g e  in the sediments of this area (Everard 1959).
The es t u a r y  of the White River and w e s tern tip of the bay
has become infilled by the coarse waste products of the
local tin industry leading to the flat expanse of land 
called Winnick (Everard 1959).
Stage 4 : 1850 - 1950
China clay waste dumping into Mevag i s s e y  bay started in the 
1850's but by 1950 only 30% of the total sediment dumped up 
to 1973 in Mevag i s s e y  had been deposited. This r e sulted in 
the samp l i n g  of natural gravels close inshore by Holme in 
1950 (samples 33 and 105). It is s p eculated that most of the 
material was deposited close inshore and reworked further 
out to sea by storms which g radually diluted the coarse 
shelly gravels of the remainder of M e v agissey Bay, The 
ac c u m u l a t i o n  of coarse china clay waste caused on Pentewan 
Beach caused the progradation of the beach by some 245m. 
(Everard 1959) and the constant blocking of Pentewan 
H a r b o u r .
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stage 5; 1950 - 1970
The m a j o r i t y  of the china clay w a ste dum p i n g  occurred in 
this e i g h t e e n  year period. The majo r i t y  of the bay become 
buried by silty china clay waste. P r e sumably the beach has 
p r o g r a d e d  a few mor e  m e t r e s  but no records exist to c o n f i r m
this. A large amount of waste was deposited close inshore
(Portmann 1970) and only Pentewan Beach (Truscott 1969,
P o r t m a n n  pers comm). The changes seen by the time of
P ro b e r t ' s  survey in 1971 and this survey during the 
r e d u c t i o n  and u l timate c e s s ation of dumping are s u m marised 
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5 0  C o m p a r i s o n  of the sediment d i s t r i b u t i o n  with past
surveys of_ Howell and Shelton (1970) and Probert (1973)
Poss i b l e  changes in the sediment distri b u t i o n  over the 
past 20 years have been studied by c o m p aring descri p t i o n s  of 
mud content of the sediment between the 1968 survey 
(Portmann 1970) (Figure 2.27) with the 1971 (Probert 1973) 
(Figure 2.28) and the present 1985-7 survey (Figure 2.29),
Since the last survey in 1971, (Probert 1975) there has 
been a p o s s i b l e  but very minor r eduction in the area covered 
by clay w aste with over 50% silt and clay. In 1971 sediment 
c o n s i s t i n g  of more than 50% silt and clay e xtended just 
south of M e v a g i s s e y  Harbour but in this survey its s o u therly 
limit e n d e d  just n orth of the harbour. This difference, is 
very minor and could simply be a function of the di f f e r e n c e  
in s a m p l e  stations positions. This s u ggestion is, however, 
qu a l i f i e d  by the fact that the limit in the 1968 (Portmann
1970) s u r v e y  did not extend beyond Mevag i s s e y  Harbour.
Beyond this limit in all surveys, shell sands were
recovered. I g n o r i n g  these minor d i fference the d i s t r i b u t i o n  
of the sediment based on clay content is remarkably similar 
for the three s u r veys and both sands, with less than 20%
silt and clay, are present along the south eastern limits of 
the bay and also in the north western limits of the bay. It 
is of pa r t i c u l a r  interest that in the latest survey 
sediment with over 50% mud appears to extend in a n a r r o w
strip north of Black Head because a similar trend is 
apparent in Pro b e r t ' s  map. At Probert's station 51 which is 
Just south of the current station 6. \ly a similar high silt 
and clay content was recorded with the surr o u n d i n g  stations 
silt and clay content falling below 20%.
The area covered by sediment with greater than 80% silt 
and clay still r o u ghly coincides with an east trending line 









F i g u r e  2 27; Mud content of sediment samples c o l l e c t e d  in 1968 
(Portmann 1970)
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F igu r e  2.28; Mud content of sediment samples collected in 1971 
(Probert 1973).
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F i g u r e  2,29; Mud content of sediment samples collected in 
1985-7.
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earlier survey the d i s tribution of this sediment reached as 
far south west to be less than 100 metres from Penare Point 
but in the present survey i^ d o e s ^  extent^ to wit h i n  800 
metr e s  of the Point. This suggests some w i n n o w i n g  and 
r e w o r k i n g  of the sediment in this area during the last 12 
years. Be t w e e n  1st April to 3rd August 1968 (Portmann 1970) 
a current survey was carried out for the China Clay 
Association. The m a x i m u m  speed for b o t t o m  currents was 45 
cm./sec. and on eight occasions the current exceeded  
30cm./sec.. Fro m  Hjulstroms's (1935) d i a g r a m  i llustrated in 
Tucker (1981) a velocity of 20cm./sec. is sufficient to move 
un c o m p a c t e d  sediment of the grain size found in Me v a g i s s e y  
Bay. Fro m  this it can be assumed there have been plenty of 
times when the current is sufficient to erode and transport 
the silt and clay in suspension and carry it over the bay. 
As there has been no significant increase in the mud content 
over the rest of the the bay it is tempting to speculate  
that the newly sus p e n d e d  material was carried out of the bay 
but the relat i v e l y  small quantities involved over what is a 
very small part of the bay make such a c o n c l u s i o n  very
speculative.
At the time of m a x i m u m  high china clay waste d e p o s i t i o n  in 
the 1960's a large amount of mud was deposited in an area 
close inshore to Pentewan Beach for in 1968, P ortmann (1970) 
recorded sediment fro m  this area to have 69% silt and clay. 
A large degree of w i n n owing and transport of fine material 
away from this inshore area is inferred f o l lowing the
re d u c t i o n  in dum p i n g  from 1970 and ultimate c e s s ation of 
d u m p i n g  in 1973. At this time the same stations yielded only 
2. 1% mud in 1973 (Probert 1975) and in 1986 it was only 4%.
D u r i n g  the period of china clay waste discharge there was 
a large amount of mud reported on Pentewan Beach (J.
Po r t m a n n  Pers Comm., Truscott 1969 and O rdnance Survey map
GR SX472021, 1:10,000 sheet). Of the three occasions the
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beach was visited in the present study (July 1986, July and 
O c t o b e r  1987), d e p osited mud was only found during the July 
1987 visit when the plume d e s cribed in C h apter 1 was 
observed. Mud pools were found within the inside curve of 
m e a n d e r s  but none ever exceeded 5m"- in size or 1cm in depth. 
T h e s e  pools had, however, d i s a p peared by the f o l l owing day 
h a v i n g  been washed by the tides. In the past when up to 
20,000 tons of the muddy waste was being d i s charged 
(Probert 1973) it seems likely that a large q u antity would 
have been d e p osited and in such q u a ntities that removal by 
the sea could not keep pace with the depos i t i o n  on the 
beach. Since the d i s charge of waste ceased twelve years ago 
there has been sufficient wave action and rew o r k i n g  of the 
beach sediments by the s t r e a m  whose m e anders c o n s t a n t l y 
c h anged position over the bay, for all the mud to have n o w  
been washed out into the bay.
In summary, the distri b u t i o n  of the sublittoral sediment 
based on the mud content of the sediment and the visual 
ap p e a r a n c e  is more or less the same than that of Probert 
(1973, 1975) and P o rtmann (1970) with the possible exception
of w i n n o w i n g  of the finest sediment from the central region 
of the bay. T here has been a c o n s i d e r a b l e  r e d u ction in the 
mud content in the strip lying adjacent to Pentewan Beach 
since 1968 and all the mud reported on the beach in the late 
6 0 ' s has also been washed away.
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CH A P T E R  3
X H E  L I V I M O  B E N T H I C  F A U N A  O F
M E V A O I E S E V  B A V
1> I n t r oduction
S a m p l e s  of the benthic fauna were c o l lected from the 
m a r i n e  china clay waste deposits and s u r r o u n d i n g  sediments. 
F r o m  e x a m i n a t i o n  of the d i s t r i b u t i o n  of the live fauna found 
in the waste deposits different c o m m unities were 
established. This chapter examines and accounts for the 
di s t r i b u t i o n  of species in 1985 and 1986 and their 
o c c u r r e n c e  in the following four communities; clean sand, 
muddy sand, mud (subdivided into two subcommunities) and 
gravel. In C h a pter Four the changes in the benthic 
c o m m u n i t i e s  f o l lowing the cessation of china clay waste are 
c o n s i d e r e d  and the effect of "inert solid" pollution on the 
m arine environment reviewed.
2> Methods
Faunal s a m ples were collected from the same stations and 
at the same time as sediment s ampling (Chapter 2). Forty one 
stations were sampled (Figure 3.1), s eventeen of which
r epeated the previous stations of Howell & Shelton (1970) 
and Probert (1973). The station numbers are the same as they 
were for the sediment stations, ie; the number before the
decimal point refers to the cruise number and the number
after the point, the station number for that particular 
cruise. The precise location and dates of s a mpling are given 
in A p p e n d i x  ( 1 ) .
Both Howell & Shelton (1970) and Probert (1973, 1975)
used a 0. 5m-'- Baird Grab. For the present study semi-
q u a n t i t a t i v e  sa m p l e s  yvobtained with an anchor dredge. The
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anchor dredge is desi g n e d  to dig deeply into the sediment as 
it is towed for a short d istance behind the ship. The mouth 
of the dre d g e  m e a s u r e d  45c m  x 25cm, and a sample of about 45 
litres was us u a l l y  obtained. The central part of the was
u s u ally u n d i s t u r b e d  to the extent that intact burrows and 
traces c ould be recognised. The relative merits of the 
dif f e r e n t  s a m p l i n g  techniques are discussed and the 
e q u i pment is i l l u s trated in Appendix (1).
After the sample had been c o l l ected it was emptied onto a 
s c r e e n i n g  table, a one litre sample of u n d i s turbed sediment 
was c o l l e c t e d  and the remainder sieved through a 1.6mm. 
mesh. Both the live and dead shelly material was kept. 
C o a r s e  sediment caused block i n g  in the 1.6mm. sieve so for 
the sa m p l e s  col l e c t e d  at the following stations a 5mm. sieve 
was used instead: 1.06, 2.06, 2.07, and 2.08.
To gain a better u n d e r s t a n d i n g  of the ecology of the 
i n f auna and its preservation, box cores were also collected 
w h i c h  bought up i n -situ sediment samples, 30cm x 30c m  and 
up to 5 0 c m  deep. A lthough these could potentially produce 
q u a n t i f i a b l e  faunal a b undances they were not sieved but 
d i s s e c t e d  in order to establish the depth and position of 
the v a rious living and dead species and also the position 
b u r rows and other s e d i m entary structures. This information 
was r e q u i r e d  for the s e d imentological and p a l aeoecological 
a s p e c t s  of this study.
D red g e  samplt'n^ was concen t r a t e d  on the china clay waste 
and shell gravels, no faunal samples samples were taken from 
the shell sands found in the southern end of the bay and 
successful bo> cores were only collected from the silty 
china clay waste.
In the l a b o r a t o r y  the live and dead shelly material were 
s e p a r a t e d  and the live fauna fixed in 70% alcohol except for
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Figure 3.1; Location of faunal samples (see text for 
explanation of station numbers).
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the p o l y c h a e t e s  which were fixed in 4% formalin. Formalin 
is g e n e r a l l y  a better p r e s ervative but if it is not 
n e u t r a l i s e d  it dissolves the c a l c i u m  carbonate from molluscs 
and e c h i n o d e r m s  (Eleftheriou & Holme 1984). Nearly all the 
live material with the exception of the polychaetes have
been identi f i e d  to specific level using the nomenclature of
the Plym o u t h  Marine Fauna (Marine Biological Association. 
1957). The pol y c h a e t e s  were identified by Dr. Linda Warren 
(Goldsmiths' College, University of London). The most useful 
sources for iden t i f i c a t i o n  for the different groups are 
g i ven in T able 3.1.
T a b l e  3. 1 ; Sources of i dent if 1 cat ion f or the benthic f auna
of M e v a g i s s e v  Bay
Group Major source of i d entification
B ival v e s  ; T ebble 1966.
G a s t r o p o d s  ; G r a h a m  1971, Thompson & Brown 1976.
E c h i n o d e r m s ; M o r tensen 1927.
C o e l ent e r a t e s  ; Manuel 1981.
O t h e r s  ; Campbell 8i Nicholls 1976.
To ensure that fragments of fragile species were not being 
co u n t e d  more than once only the heads of polychaetes and 
h o l o t h u r i a n s  and the discs of ophiuroids were counted. In 
the present survey, seventy species were recorded and the 
complete data set is given in Appendix (.2) and in figures ^A1 
- A67) .
The d i s t r i b u t i o n  and abundance of the living fauna were 
anal y s e d  in two ways; firstly the distribution and frequency 
of individual species were considered by plotting the 
numerical a o u n dance of the majority of each species for 
each sta t i o n  on separate maps (Figures A1 - A 6 7 , Appendix
2). This p e r mitted a visual assessment of different 
c o m m u n i t i e s  in the area, The existence , variability and
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d i f f e r e n c e s  of these c o mmunities was then tested by the use 
of m u l t i v a r i a t e  statistical techniques.
3) The benthic comm u n i t i e s  living in the china clav waste in
M e v agissev Bay
The d i s t r i b u t i o n  of the various species collected in the 
s ur v e y  (Appendix 2) indicates that different communities 
are present. It must be emphasised, however, that the 
species oc c u r r e n c e  in each community c omposition is very 
variable and so a certain amount of overlap between 
c o m m u n i t i e s  is present. C o m m unities or faunal associations 
were o r i g i n a l l y  named after the key or dominant species of 
that com m u n i t y  (Petersen 1918) while later workers tended to 
name the c o m m unity after the physical features of that 
c o m m u n i t y  par t i c u l a r l y  substrate type (eg Jones 1950). More 
recently, Erwin (1983) discussed n e w  criteria for naming 
c o m m u n i t i e s  and suggested using a hierarchic approach 
si m ilar to that which Linnaeus proposed for cla s s i f y i n g  
organisms. Seven levels or taxa were suggested, the highest 
being: salinity, followed by water depth, situation (exposed
or sheltered), s ubstrate type, community type and finally 
two lower taxa for s u b c ommunities and facies. The resulting 
c o m m u n i t y  name, although lengthy, gives a large amount of 
info r m a t i o n  about that community. For the communities in 
Me v a g i s s e y  Bay, it was found that the communities, could 
all be d e l ineated by the different substrate types they 
inh a b i t e d  (Figure 3.2). The position of the different 
c o m m u n i t i e s  coincided with the position of the different 
s u b s t r a t e s .
S u b c o m m u n i t i e s  are defined by different faunal 
a s s o c i a t i o n s  in similar substrates and named after the 
c h a r a c t e r i s t i c  species for that subcommunity.
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The c o m m u n i t i e s  recorded for different stations (and their 
water depths) in M e v a g i s s e y  Bay are
i) The C lean sand community
(Stations; 1.01 (5m), 3.02 (2.5m.), 3.04 (2m)
ii) The M u ddy sand community
(Stations; 1.02 (18m), 3.01 (3m), 3.03 (2.5m), 3.05
(4), 3.06 (7m), 3.07 (3.5), 3.08 (14.5), 3.09 (11m)).
ill) the Silt community divided into two subcommunities;
a) The Amph i u r a  fillformis s ubcommunity 
(Stations; 1.03 (25m), 2.01 (20m), 2.02 (22m), 2.03
(24m), 2.04 (26m), 2.09 (27m), 2.10 (26m), 2.11
(28m), 2.12 (30m), 3.10 (16.5), 3.11 (20m), 3.12
(15.5m), 4.01 (15m), 4.02 (28m), 4.03 (29m)), 5.05
(25m) .
b) The Turri tella communis  s ubcommunity 
(Stations; 1.04 (28.5m), 1.05 (31m), 2.05 (28m),
4.04 (31m), 4.05 (31m), 4.06 (33m), 4.07 (35m)),
5.02 (29m), 5.04 (30m).
iv) The Gravel community
(Stations; 1.06 (32m), 2.06 (29m), 2.08 (26m), 2.07
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Figure 3.2; Position of the benthic communities inhabiting thé 
china cloy waste in Mevagissey Bay.
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The Benthic C o m m u n i t i es 
3a) The Cl e a n  Sand community (Plate 3.1)
The clean sand c o m m unity is found in the same area as the 
s u b l i t t o r a l  fine clean china clay waste sand. In this sand 
is found the bivalves; Tellina tenuis and D o n a x  vlttatus , 
they have not been recorded elsewhere in the bay, 
E c h i n o c a r d i u m  cordatum, Abra alba, En s i s  sp. , Mactra 
c o r a l l i n a  and Venus striatula are also found (Table 3.2) 
B et w e e n  five and eight species were recovered in each dredge 
with b e tween e ighteen and seventy individuals per dredge. 
The depth range for this community lies between the low tide 
mark and 10m,
F i g u r e  3,2 shows a rec o n s t r u c t i o n  of this community which is 
largely based on literature descr i b i n g  the mode of life of 
the different taxa as no box core samples were successfully 
taken from this area.
T a b l e  3.2: Top twelve species in the Clean Sand community, 
(the mean is number of individuals of each species per 
d redge sample from this community)
Species Mean
1) Tellina tenuis 27,3
2) Donax vittatus 3.3
3) Dbra alba 2.3
4) Nereis sp 2.]
5) Nephtys 4.0
6) EchinocardiuM cordaiuM 0.6
6) Ophiura textura 0.6
6) Ensis sp 0.6
7) Lh'enia fusiformis 0.3
7) i'enus striatula 0.3
7) Nactra corallina 0.3
7) 6Iycera sp. 0.3
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Tellina tenuis (Figure A57) is common in sandy substrates 
in the s h a l l o w  sublittoral and littoral zones (Stephen 
1929, T e b b l e  1966). Most of the studies have been undertaken 
in the littoral zone (Stephen 1928, 1929, Ansell &
T r e v a l l i o n  1967, M c I n t y r e  1970). T, tenuis is a suspension 
feeder and it lies in the sediment on its left valve with 
the c o m m i s s u r e  usually within about 30" of the horizontal 
(Holme 1961b) at a depth not greater than 10cm ((Trevallion
1971). A c c o r d i n g  to Yonge (1949) the tip of the exhalent 
sip h o n  e x t ends just above the sand surface while the 
inhalant siph o n  extends beyond the sand surface and lies 
across it.
D o n a x  v ittatus (Figure A59) is a suspension feeder which 
p r e fers clean and firm sand from just above the low water 
mark to a depth of 18 metres (Tebble 1966). This genus lives 
in vertical burrows and has separate exhalent and inhalant 
s i p h o n s  (Frey 1975).
Ab r a  alba (Figure A54) is a bivalve which is more commonly 
a s s o c i a t e d  with silts and muds (Tebble 1966) and it shall be 
d i s c u s s e d  in detail in the Silt, A mphiura filiformis 
s u b c o m m u n i t y  section.
N e p h t y s  sp. (Figure A3) is a carnivore feeding on small 
polychaetes, moll u s c s  and crustaceans (Fauchald & Jumars 
1979). A similar diet has been recorded for Glycera sp. 
(Ockelmann & Vahl 1970, Fauchald & Jumars 1979). Both genera 
were found in b r a n c h i n g  burrows up to 3mm wide in this study 
and by O c k e l m a n n  & Vahl (1970), Pye (1960) and Howard & 
Frey ( 1975).
E c h i n o c a r d i u m  c o r d a t u m  (Figure A13) is a deposit feeder with 
a r e s p i r a t o r y  tube w h ich may extend to the surface (see 
B u c h a n a n  1966 for details) but long tube feet may extend to 
the s u r f a c e  which can search the surface for food particles
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(DeRidder & L a w r e n c e  1982). It can b u r r o w  to a depth of 15cm 
in c lean sands (Buchanan 1966) but the depth is controlled 
by s u b s t r a t e  type (Moore 1936, B uchanan 1966, Nichols 1969, 
D e R i d d e r  & L a w r e n c e  1982), in gravels for example, the 
burrows are only 2 c m  deep and in silty substrates the depth 
is be t w e e n  4--15cm. In this study a live individual was found 
at 5 c m  in silt (Figure 3.6)*They are deposit feeders and 
their diet includes; diatoms and most other microorganisms  
(Deridder & Lawr e n c e  1982). They move horizontally through 
the sedi m e n t  at rates of up to 8 c m  an hour (Buchanan 1966).
E n s i s  sp. (A61) are found in fine sands and muddy sands to 
depths of a few metres and are common throughout the British 
Isles (Holme 1954, Tebble 1966). They are suspension 
feeders. S p e c i m e n s  in this study were generally broken in 
half by the dredge because of their rapid escape and deep 
b u r r o w i n g  abilities. The actual recorded abundances could 
therefore be an under-es t i m a t i o n  of the actual numbers 
present in this community.
Owenia f u s i f o r m i s  (Figure A 5 ) lives in vertical tubes 
c o n s t r u c t e d  from shelly fragments (Dales 1957, Pye 1980) and 
feeds either by ciliary means or by swallowing detritus 
(Dales 1957, F a u c h a l d  & Jumars 1979).
Venus s t r i a t u l a  (Figure A47) lives in both clean and muddy 
sand to water depths of 55m. (Tebble 1966) but show a 
p r e f e r e n c e  to fine sands (Guillou & Sauriau 1985). It is a 
s u s p e n s i o n  feeder with short joined exhalent and inhalant 
si p h o n s  (Ansell 1961a). A description of the growth of a 
large p o p u l a t i o n  of V, striatula is given in Ansell (1961b) 
and G u i l l o u  & S a u r i a u  (1985).
M a c t r a  cor a l l i n a  (Figure A50) is common in clean sand but 
may ex t e n d s  into muddy sand and is found from the low tide 




fVi.f^ ure 3.3, Reconstruction of the clean sand community (based 
on the literature and box cores taken from the silt stations).
Key: EC) Echinocardium cordatum in burrow (from DeRldder &
hawr'ence 1982). TF) Tellina tenuis in horizontal position 
(Holme 19GIb, DV) Donax vittatus in vertical burrow (Frey 
1979). ME) E’mf)ty Mytilus edulis shell, D) single barnacle 
plate and S) rounded shell fragment.
As this community Is In very shallow water 




Plate 3.1) Typical fauna from the Clean sand community.
Key: 7) Glycera sp., 19) Natannla sp,, 37) Echinocardium cordatum,
122) Tellina tenuis, 124) Donax vittatus, 127) Ensis sp..
3b) The Muddy Sand Community. (Plate 3.2)
The muddy sand, community runs parallel and adjacent to 
the clean sand community and corresponds to the d i s tribution 
of m u d d y  sand china clay waste (between 5 - 40% mud). Whilst 
many s p ecies occur here, the commonest are Venus striatula 
and L a b i d o p l a x  dîgitata it is characterised by the 
c o n c e n t r a t i o n  of the bivalve; Tellina fabula. Other common 
s p e c i e s  are listed in Table 3 . 3 , and a r econstruction of the 
c o m m u n i t y  is given in Figure 3.3. There were between seven 
and s i x t e e n  species recovered from each station and between 
s i x t e e n  and n i nety-four individuals. The deepest station 
f r o m  this com m u n i t y  was 14.5m (station 3.08).
T a b l e  3.3; Top twelve species in the Muddy Sand Community, 
(the mean is for the number of individuals for each species 
per dredge)
Species Mean
1) l^enus striatula 8.8
2) Labidoplax digitata 6.9
3) Tellina fabula 4.5
A) liysella bidentata 4.4
5) He roc ni da brachia ta 4.0
6) Cul tel lus pellucidus 3.8
7) Echinocardium cordatum 2.8
8) Nereis sp, 2.3
9) Nephtys sp. 1,6
10) 61ycera sp. 1.0
11) Ovenia fusiformis 0.9
12) Dosini a 1 up inus 0.8
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Only those species whose ecology has not been discussed in 
the p r e v i o u s  c o m munity will be discussed below.
L a b i d o p l a x  digitata (Figure A16) is a deposit feeding 
h o l o t h u r i a n  (Massin 1982) which lives to depth of 70m 
(Mortensen 1927) and was reported as living in horizontal 
b u rrows in Plymouth Marine Fauna (Marine Biological 
A s s o c i a t i o n  1957) but in this study was also found in 
vertical burrows (Figure 3.4, 3.6).
Tel 1 ina fabula (Figure A56) is a deposit and suspension 
f e e ding bivalve which lies within the sediment in a 
h o rizontal p osition (Salzwedel 1979) and is common in clean 
and muddy sand and is found in British waters to a depth of 
55 met r e s  (Tebble 1966).
M y s e l l a  b identata (Figure A40) has been recorded from muddy 
sands and gr a v e l s  elsewhere in the British Isle to depths of 
121m (Tebble 1966, Ockelmann & Muus 1978) and is commensal 
with A c r o c n i d a  brachlata (Tebble 1966).
A c r o c n i d a  brachiata (Figure All) is a suspension feeding 
o p h i uroid (Warner 1982) and has the same burrowing posture 
as A m p h i u r a  filiformis, (Woodley 1975) but can burrow to 
depths of 10cm (Mortensen 1927). As Mysella bidentata is 
commensal with this species (Tebble 1966) their joint 
o ccur r e n c e  is expected.
C u l t e l l u s  p e l l u c i d u s  (Figure A60) is found throughout the 
B r itish Isles in fine sands, muddy sands, muds and gravels 
in water depths of 4 to 110 metres (Tebble 1966). From the 
box cores taken from the silty china clay waste it was 
r e c o r d e d  in vertical burrows to a depth of 2.5cm in the 




Figure 3.4, Reconstruction of the muddy sand community (based 
on the literature and box cores taken from the silt stations).
Key: 10 NS) Nepthys sp burrow from (Pye 1900), EC)
Echinocardium cordatum in life position (from DeRidder & 
Lawrence 1982), LD) Labidoplax digitata in horizontal and 
vertical burrows, AB) Acrocnida brachlata (Woodley 1975).DL) 
Doslnla luplnus (Ansell 1961a), VS) Venus striatula (Ansell 
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Dasinia lu p i n u s (Figure A46) is a s u s p e n s i o n  feeder with 
joined exhalent and inhalant s i p hons (Ansell 1961a, Moore & 
Lopez 1970) and has been reco r d e d  e l s e w h e r e  in the Br i t i s h 
Isles in m uddy sands to depths of 128m (Tebble 1966).
3 c > The silt communi ties
W i t h i n  the silty china clay waste occur two 
subcommunities. In the w e stern half of the silt, A m p h i u r a  
f i l i f o r m i s  is c o m m o n  and to the east, b e tween this region 
and the gravel, Turritella c o m m u n i s  and E d w a r d s i a  
c a J 1 i m orpha d o m i n a t e  the fauna. This has lead to the 
s u b d i v i s i o n  of the silt s u b s t r a t e  into two subcommunities;
3 c i ) The silt. A m p h i u r a  f H i f o r m i s  subco m m u n i  tv.
The ophiuroid; A m p h i u r a  f i l i f o r m i s  is the commonest 
species in this community, the other common sp e c i e s  are 
listed in T able 3.4. The number of s p e cies per dre d g e  from 
each s t ation varied b e t ween eight and t w e n t y-four and the 
n umber of indi v i d u a l s  between thirty-eight and two hundred. 
N u c u l a  turgida is also common in this subcommunity, but not 
the Turri tella c o m m u n i s  subcommunity.
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lâ t ili 1 1 1  y j f î i i i i  ia  émmèJæ â  fil if omis subcommunity ü bÊ  eiêm i i  Iû l ü ia  total
Lumbfii. o l iD lb L iik ili a i eiaJi s p ic le i p ii. dredge samp la
Species Mean
1) fin)phiura filiformis 38.8
2) llelinna pal mata 7.6
3) Venus striatula 7.0
4) Labidoplax digitata 7.0
5) Mysella bidentata 6.6
6) Echinocardium cordatum 4.5
7) Cultellus pellucidus 4.1
8) Corbula gibbula 4.0
9) Edvardsia callimorpha 3.8
10) Nucula turgida sp, 3.6
11) Turritella communis 3.5
12) Thyasira flexuosa 2.7
13) âbra alba 2.3
14) Phi line quadripartita 2.1
Spfii ifi i itm d A o ai fim  tm . aansi iâkjaa « ilh ia  Leaians a l IM  fimhiur.â 
la i aa a m  a l !L1 in il
Box-core no.; BC,A1 BC,A2 BC 3 BC 4
Station no.; (1,03) (4,04) (2.02) (2,03)
Figure no. ; 3.5 3.6 3.7 3.8
Amphiura filiformis 10 20 22 6
Edwardsia callimorpha 14 6 4 14
Melinna pal ma ta 6 6 12 10
Unidentified polychaetes 8 2 11 6
Ac rocni da bra chia ta 0 0 2 0
Labidoplax digi ta ta 0 0 4 2
Nucula turgida 0 0 2 0
Upogebia sp. 0 0 0 1
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Several of the box core s a mples were d i s s e c t e d  to reveal 
the nature of burrows and life a t t i t u d e s  of the various 
infaunal s p e cies (see also C h a p t e r  6). The faunal counts and 
depth of b u r r o w i n g  are g i ven in Figures; 3.5, 3.6, 3.7, 3.8
and 3,9. Not all the 3 0 c m  x 30 c m  core (0, 10 m"- ) were
d i s s e c t e d  for faunal analysis, some secti o n s  were dried and 
kept for other studies and so the faunal counts g iven in 
T a b l e  3.^ have been c o r r e c t e d  to r epresent an e s t i m a t e  for 
the w h ole block (0. lOmF) to gi v e  an e s t i m a t e  of the 
r e l a t i v e  de n s i t y  of each species.
A m p h i u r a  f i l i f o r m i s  (Figure AlO) is ca p a b l e  of both
s u s p e n s i o n  and deposit feeding habit (Warner 1982, Gadee
1984b). It lives in a b u r r o w  up to 5 c m  deep with its
apical disc lying at a slight angle to the h o rizontal
(Woodley 1975, Pye 1980). In this study the burrows appe a r e d
to be only 1 or 2 cm deep (figures 3.5, 3.6) but in sea
water S c o t t i s h  lochs the depth was up to 5 c m  (Pye 1980).
Soon after s a m p l i n g  it was noted the m a j o r i t y  of the
Ae.
ind i v i d u a l s  were b u r r o w i n g  up toVsurface. They feed
either on food p a r ticles lying on or w i t h i n  the sediment or 
material in s u s p e n s i o n  (Buchanan 1964, W arner 1982, Wo o d l e y
1975). H o w  they feed d e pends largely on the water movement, 
in still water they explore the sediment s u rface for food 
but in s tronger curr e n t s  they project their arms and catch 
s u s p e n d e d  particles. If the water speeds are between 10-
15cm/s the arms will be vertical but above 20cm/s the
c u r r e n t s  are too str o n g  for the arms to remain upright 
(Buchanan 1964). Warner (1982) b e l i e v e s  the s u s p e n s i o n  
f e e d i n g  mode of feeding to be rare. The arms will come from 
s e p a r a t e  h oles in the sediment (Woodley 1975) but one may 
rem a i n  fully buried to act as a form of anchor (Pye 1980). 
This s p ecies has been r e corded in m uddy s u b s t r a t e s  from many 
local i t i e s  throughout E u r o p e a n  w aters with den s i t i e s  as high 
as 2200 per m-^= (O'Connor & M c Grath 1979). They are capable
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Figure 3.5; Abundance and position of live fauna, shells and 
traces from dissected box core sections from Station 1.03 ((BC 
Al) .




Depth of Penetration; 22cm,
Live fauna at surface (50% dissected);
Ophiura sp , ; 2
Omphiura filiformis] 10
Infauna
(17) Cultellus pellucidus] 1 (Average depth of burial;  2,0cm) 
(9) Edwardsia callimorpha] 7 ( " " " ; 5,6cm)





2 art iculated pairs (not in l i f e  posit ion),
3 disarticulated valves,
1 single valve,
1 art iculated pair ( f i l l e d  with sediment 
and not in l i f e  position)
The fauna is characterised by âmphiura filiformis and the station occurs within the 
ftmphiura filiformis subcommunity, Occasional traces of burrows and clusters of shell  
fragments and an overall mottled appearance indicated the intense bioturbation present in 
this core,
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Figure 3.6; Abundance, position of live fauna, shells and
traces from dissected box core sections from Station 2.02 (BC
3) .
A m p h i u r a  fi l i f o r m i s s u b c o m m u n i t y




. .^upfu'ura fiJifor/iu 's', 12
Labidoplax d ig i ta t a\ I
In mud (60% of the block dissected);
(1) âniphiura f i l i fo rm is ] 5 (Average depth of burial;  3,1 cm)
(9) Edwardsia ca 11 imorpha] 2 ( " 12,3 cm)
(3) Labidoplax d ig ita ta ] 2 ( " 7,5 cm)
(2) Melinna palmata] 6 ( " I 5,3 cm)
(IS) Nucula turgida] 1 ( " H U 3,0 cm)
(19) Echinocardium corda tum] 1 ( " M 1 5,0 cm)
dead;
(7) flbra alba] Articulated pairs; 4 (only 1 in l i f e  position)
Single valves; 6
(17) C ulte llus  pe lluc idus pair;  1 ( in l i f e  position)
(6) T u rr ite lla  communis; 3 (2 are broken)
(19) Crushed Echinocardium cordatum ie^X] 1
The fauna and sampling position correspond to the fimphiura community,
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Figure 3.7; Position of live fauna, shells and traces
dissected box core sections from Station 2.03 (BC 4).








Infaunal (50% of the block dissected)
(9) Edwardsis callimorpha 7 (Average depth of burial
(2) Helinna palmata 5 ( " " "




Dead fauna (not including shell gravel base)
(7) Abra alba; 5 art iculated pairs (2 in l i f e  position)
3 single valves
(6) Tur r i t e l l a  communis; 1 (but numerous in shelly gravel base)
The sampling position corresponds to the Amphiura filiformis subcommunity but with an equal 
number of A, filiformis awû Edwardsia callimorpha classi f ication is not possible.
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Figure 3.8; Position of live fauna and shells from dissected
box core .sections from Station 4.04 (BC A2).
Am p h i u r a  f i l i f o r m i s  s u b c o m m u n i t y
<o
o
Depth of Penetration 36cm,
Live fauna at surface;
âmphiui'ci filiforiDis] 23
Echinocardiun) cordatum] 1
Infauna (50% of core dissected)
(9) Edwardsia callimorpha]
(2) delinna palmata]
(5) dotomastus later ic eus]
(1) âmphiura filiformis]
1 0 c m
3 (average depth of burial  
3 ( " “ "
1 ( " ■ 6 ^  "
■J  ^ II N H












5 (at dif ferent  orientations)
5 art iculated pairs (not in l i f e  position)  
and 3 single valves,
1 valve 
1 valve
1 sediment f i l l e d  art iculated pair, 30° 
from l i f e  position.
The mottled appearance with only the occasional large trace visible.  Large number of 
(Amphiura A;7/Y'o/ws suggests a correspondence to the f^mphiura / ; 7 ; Y t w / 5  subcommunity.
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of r e g e n e r a t i n g  their arms if they b roken off (Buchanan 
1964).
M e l i n n a  p a l m a t a  (Figure A6) is a po l y c h a e t e  which lives in a 
v e rtical tube cons t r u c t e d  of mucus impr e g n a t e d  mud. In this 
s t udy many were seen lying at an v a rious angles (from 0^=' to 
70'-'> fro m  the vertical and they e x t e n d e d  to a depth of 10cm. 
S i m i l a r  o b s e r v a t i o n s  have been made in S c o t t i s h  sea lochs by 
Pye (1980). The p o lychaete feeds by e m e r g i n g  fro m  its tube 
and raki n g  the sediment surface with its buccal tentacles 
wh i l e  the b r a n chiae are held up in the water (Dragoli 1961, 
B a c e s c u  1972, F a u c h a l d  & Jumars 1979). This feeding acti v i t y 
s m o o t h s  an area of sediment s u r r o u n d i n g  the b u r r o w  up to 5 c m  
in radius (Pye 1980).
Corbula g i b b u l a  (Figure A62) is a s u s p e n s i o n  feeding bivalve 
which or i e n t a t e s  its inhalant siphon to be flush with the 
surface (Yonge 1946). It is s p e c i a l i z e d  for life in muddy 
sand m ixed with larger pieces of gravel which it r equires 
for attachment of a single byssus thread. The c u m b e r s o m e  
shell and byssus attachment indicates a s e d e n t a r y  mode of 
life (Yonge 1946). It has been recor d e d  from m uddy g r a vels 
and silts throughout Eur o p e  (Tebble 1966), In the silts and 
sands where there is no gravel the byssus thread is 
prob a b l y  atta c h e d  to shells (Pye 1980).
E d w a r d s i a  c a l l i m o r p h a  (Figure Al) is more abundant in the 
Tu r ritella c o m m u n i s  s u b c o m m u n i t y  w here it shall be 
d i s c u s s e d .
N u c u l a  turgida (Figure A31) is a deposit feeder and is 
found in muds, muddy sands and muddy g r a v e l s  f^o/m depths of 
8 m  to 100m,(Allen 1953, 1954, Teb b l e  1966).
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Another common b i valve is M o n t a c u t a  f e r r u ginosa  (Figure A41) 
which is commensal with E c h i n o c a r d i u m  c o r d a t u m  and lives 
wit h i n  the b u r r o w  of this e c hinoid (Gage 1966a, 1966b).
T urri t e l l a  c o m m u n i s  (Figure A18) is more abundant in 
Turri t e l l a  c o m m u n i s  s u b c o m m u n i t y  and is des c r i b e d  there.
Thyasira flexuosa (Figure A36) is t r a d i t i o n a l l y  r egarded as 
a tube b u i l d i n g  s u s p e n s i o n  feeder but recently has been 
shown to have have sulphur oxidising, symbiotic bacteria 
livi n g  in their gills and these b a c t e r i u m  make up a 
su b s t a n t i a l  p r o p o r t i o n  of their n u t r i t i o n  (Dando & S o u t h w a r d  
1986, S o u t h w a r d  1986 and re f e r e n c e s  therein). S i milar habits 
are reco r d e d  for Myrt e a  spin i f e r a  and L u c i n o m a  b o r e a l i s  
(Dando et al 1985, Dando et al 1986, Sou t h w a r d  et 1985, 
Sou t h w a r d  1987).
Abr a  alba (A54) is a c ommon bivalve, it has long siphons  
which explore the sediment surface for detri t u s  in circular  
motions. T here are also periods when the inhalant siphon is 
stati o n a r y  and the a p e r t u r e  of the siphon is not in contact 
with the sediment s u r face and in this posi t i o n  sus p e n d e d  
material may be seen to be sucked in (Hughes 1975). In this 
study it was found in vertical burrows at a depth of 6.5cm. 
It can live up to four years (Stephen 1932) but the majo r i t y  
of spe c i m e n s  from M e v a g i s s e y  Bay c o l l e c t e d  in b e tween 1971 
and 1972 a p p e a r e d  to live for only 1 year (Probert 1973).
P h i l i n e  q u a d r i p a r t i ta (Figure A23) and Cylic h n a  c y l i n d r a c e a  
(Figure A22) are carn i v o r o u s  o p i s t h o b r a n c h  g a s t r o p o d s
found in both the silt subcommunities. Th e y  plough through 
the top few c e n t i m e t r e s  of sediment and feed on 
m i c r o o r g a n i s m s  and j uvenile bivalves (Thompson 1976, 
T h o m p s o n  & B rown 1976).
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'"'a-
Figure 3.9; Reconstruction of the silt, Amphiura filiformls 
subcommunity (based on the literature and box cores taken from 
this community).
Key: E D O  Edwardsia calllmorplia in vertical burrows, MP)
Melinna palmate (in vertical and inclined burrows), short 
tentacles extend above tube (Dragoli 1961, Bacescu 1972), AF> 
Ampfilura filiformls (Only 4 of the 5 arms extend above 
surface, Pye 1980), CP) Culiellus pellucldus, US) Upoffebia sp. 
in large branching burrow.
The sediment has a very mottled appearance with very few 
preserved biogenic or physical sedimentary structures.
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nPlate 3.4) Live fauna taken from dissected box-cores,
a) Small burrow from unidentified polychaetes <BC Reserve 1)
b) Abra alba (BC Al)
c) Echinocardium cordatum in life position (BC 3)
d) Mellnna palmata in life position (BC 3)
Plate 3.5) Live fauna from dissected box-core;
a) Echinocardium cordatum on surface (BC A2)
b) Amphiura filiformis on surface (BC A2).
c) Notomastus latericeus burrow (BC A2).
m »
'.L:; rT: . .
Plate 3.6; Live fauna from dissected box-cores.
a) Edwardsia callimorpha in vertical burrows (BC 6).
b) Labidoplax digitata in vertical burrows (BC 3).
c) Upogebia sp. burrow (BC Reserve 1).
This s u b c o m m u n i t y  is very similar to to the "Boreal 
O f f s h o r e  M u d d y - S a n d  Community" of Jones (1950), w h ich in 
turn is the E c h i n o c a r d i u m  - filifo r m i s  com m u n i t y  of Pete r s e n  
(1918). Howell & Sh e l t o n  (1970) reco r d e d  this c o m m u n i t y  in 
their survey in M e v a g i s s e y  Bay (see C h apter 4) and 
s p e c u l a t e d  it was the best e x ample of such a c o m m u n i t y  in 
the Bri t i s h  Isles. This c o m m unity has also been d e s c r i b e d  
from silts by; B u c h a n a n  (1963, 1964) in the N o r t h u m b e r l a n d
coast, Pearson (1970) in S c o t t i s h  Lochs, Prinz et al (1983) 
on the coast of Fra n c e  and Wil s o n  (1982) for many 
lo calities around the Coast of Great Britain.
3ci) The Turritell a c o m m u n i s  subcommuni t v .
N e i g h b o u r i n g  the A m p h i u r a  f i l i f o r m i s  s u b c o m m u n i t y  is the 
Turritella c o m m u n i s  subcommunity. No textural d i f f e r e n c e s  
can be found between the silt china clay waste s u b s t r a t e s  
for the A m p h i u r a  f i l i f o r m i s  s u b c o m m u n i t y  and Turritella 
communis. The Turritella c o m m u n i s  s u b c o m m u n i t y  has the same 
associ a t e d  or s e c o n d a r y  species as the A m p h i u r a  f i l i f o r m i s  
s u b c o m m u n i t y  such as C u l i e l l u s  pellucldus, Thyasira flexuosa 
and Me linna palmata. The dominant s p ecies are, ho w e v e r  are 
the gas t r o p o d  Turritella c o m m u n i s  and the c o e l e n t e r a t e  
E d w a r d s i a  callimorpha. The common s p ecies of this com m u n i t y  
are listed in T able 3.6. The number of species taken ffOfm 
this community varied between ten and twenty and the number  
of individuals between sev e n t y - f o u r  and two h u n d r e d  and 
sixty per dredge.
Three box core samples were taken fr o m  this s u b c o m m u n i t y 
and the faunal counts of these cores are given in T a b l e  3.8 
and i l l u strated in Fi g u r e s  3.10 to 3.13.
E d w a r d s i a  call i m o r p h a  (Figure Al) is a sed e n t a r y  free living? 
su s p e n s i o n  feeding, c o e l e n t e r a t e  and is found in mud and 
m u d d y - s a n d  in the south and west B r i tish Isles and
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occasionally in large n u mbers (actual local i t i e s  not 
specified, Manuel 1981). In this study s p e c i m e n s  wer e  kept 
living for a few days in an a q u a r i u m  and the mode of li^e 
illustrated in F i g u r e  3.13. was observed. F r o m  the box cores 
it was seen that they lived in vertical burrows up to 15cm 
deep (Plate 3.6b).
Turritella commu n i s  (Figure A18) lives partly buried in the 
sediment and m a i n t a i n s  a ciliary current for r e s p i r a t o r y
p u rposes and feeding purposes (Graham 1938, Y onge 1946b). 
The animals rarely move, are g r e g a r i o u s  and so, locally
a bundant (Graham 1971). Four dead shells were found occup i e d  
by the s i p u n c u l i d  P h a s c o l i o n  s t r o m b i ,
A Turritella c o m m u n i s  c o m m unity has also been recor d e d  
n e i g h b o u r i n g  an A m p h i u r a  sp. c o m m u n i t y  in the Golf der 
Gaeta, Italy (D5rjes 1971). The s p e cies of A m p h i u r a  was A.
Chiajei and E d w a r d s i a  sp. was present in the Turritella
j-u^^communi t y but in not in such high rela t i v e  densities. No 
e x p l a n a t i o n  for this was offered by Dürj e s  (1971) and cannot" 
be o f fered here.
LaMfi. 131 I M  W  twelve sp^î le i  l a  tba QitHimmàâ subcommunity. U ba  maaa Is.
l a i  the. total  number o i  individuals c i  each species per died^e i
Species Mean
1) Edwardsia callinwrpha 73,6
2) Turritell a communis 35,3
3) Nelinna palmata 13,9
4) Amphiura filiformis 8.2
5) Cultellus pellucidus 4.1
6) Labidoplax digitata 3.2
7) Abra alba 2.3
8) Echinocardium cordatum 2,2
9) Owenia fusiformis 2.1
10) Nereis 1.8
11) Thyasira flexuosa 1.5
12) Nyrtea sp ini fera 1.2
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M ie  12L Saeeiei ebmWuie al t o  amie semplee W ee aiihiii the region al the M rite Uâ 
im m is  subcommunity M l QJjafl
Box-core no.; BC Res 1 BC Res 2 BC 6
Station no.I (2.04) (2.04) (1,04)
Figure no. 3.11 3.12 3.10
Edwardsia callimorpha 15 51 12
Melinna palmata 10 27 14
Unidentified polychaetes 3 9 4
Amphiura filiformis 3 0 6
Labidoplax digitata 0 0 4
Abra alba 0 3 0
Cultellus communis 0 6 0
Upogebia sp. 3 0 1
Turritella communis 8 0 8
Callianassa sp. 0 2 0
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Figure 3.10; Abundance and position of live fauna, shells and
traces from dissected box core sections from Station 1.04 (BC
6> .
Turri tel la c o m m u n i s  s u b c o m m u n i t y
O
10cm






(2) Melinna palmata] 7 (average depth of burial  6,4cm)
( I )  T\mphiura filiformis] 1 ( " " 1,0cm)
(3) Labidoplax digitata] 2 ( " " " 9,5cm)
(3) Edwardsia callimorpha] 6 (  " " " 6,6cm)
(5) Motomastus latericeus] 3 (3 burrows but the inhabitants were not observed),
Dead
(7) hbra alba] 2 art iculated (not in l i f e  position) and 2 disarticulated valves,
(6) Turritella communis] 3,
ma
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Figure 3.11; Position of live fauna, shells and traces from
dissected box core sections from Station 2.04 (BC Reserve 1).




Depth of penetration; 24cm, 




Infauna (20% of total core dissected);
(9) Edwardsia callimorpha', 3 (average depth of burial; 8,3cm)
(23) Callianassa sp,', 1 (average depth of burial; 12,Ocra)
(2) Melinna palmata; 2 (average depth of burial; 7.Ocra)
Dead (not including shell gravel base);
(11) Venus striatula;
(7) Abra alba;
1 single valve 
1 single valve
Numerous Turritella communis shells and other shell fragments in the basal shelly gravel
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Figure 3.12; Position of live fauna, shells and traces from
dissected box core sections from Station 2.04 (BC Reserve 2>




Turri isII3 commis 2
Infauna (33,3% of block dissected)
(9) Edvsrdsis callirwrpha 17 (average depth of burial
( 2) tfeJinna palsiaia 
(23) Callianassa sp.
(7) i^bra a I Pa


















Like BC Reserve 1 this core was taken within the region of the Edwardsia callimorpha 
subcommunity. Shell gravel occurs beneath 30cm of china clay waste.
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F i g u r e  3.13; R e c o n s t r u c t i o n  of the silt, T u rritella c o m m u n i s 
s u b c o m m u n i t y  (based on the l i t e r a t u r e  and box cores taken from 
this community).
Key: E D O  E d w a r d s i a  call i m o r p h a  In vertical burrows,
NL> N o t o m a s t u s  l a t e r i c e u s  trace, MP) M e l i n n a  palmata,
EC ) Ec h i n o c a r d l  um corda t uni, AF ) Amphl ura f 111 f or ml s,
TC) Turritella communis, AA) A b r a  alba, CP) C u l t e l l u s  
pellucldus, US) Upoffebla sp. .
Th e  sediment has a very mottled a p p e a r a n c e  wit h  very few 
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3d) The gravel commun!tv (Plate 3.7. Figure 3.14)).
No single common species c h a r a c t e r i s e s  this community. The 
stations y ielding a gravel sub s t r a t e  gen e r a l l y  have a low 
density of live faunas but with a r e l atively high diversity. 
A list of the common species is given in Table 3.9. Species 
c h a r a c t e r i s t i c  of gr a v e l s  are the bivalve; Venus fasciata, a 
s ingle o c c u r r e n c e  of the large tube d w e l l i n g  polychaete, 
L y g d a m i s  mura ta and the large bivalve; L a e v i c a r d i u m
crassum, The common species found in the gravel c o m m unity 
are also found in the other c o m m u n i t i e s  in the bay (eg, 
Turritella communis, Venus str i a t u l a  and E c h i n o c a r d i u m
cordatum) . The fauna have been a s s i g n e d  to a different
c o m m u n i t y  because of the presence of the large gravel 
d w e l l i n g  molluscs such as Venus fasciata and L a e v i c a r d i u m  
c r a s s u m  which have been found restr i c t e d  to gravel 
s u b s t r a t e s  e lsewhere (see Ford 1923, Jones 1950, Holme
1961, 1966, Tebble 1966). Another d i f ference between the
silt comm u n i t i e s  and the gravel was that about 30% of the 
shells and pebbles were e n c rusted with s e r p ulids and 
f o r a m i n i f e r a .
The number of species from the gravel varied from
s ev e n t e e n  to twenty four and the number of i ndividuals 
between twenty-eight and one hundred and fifty per dredge.
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lâlile. lil Cjjjümh âCêiLi55. in il3£ gravel community Lthn m&an la. lai the. total number ci 
iMlvijluâli ai each snecien iai the. whole community).
Species Mean
I) Nelinna palmata 22.8
2) Edwardsia callimorpha 14,0
3) Turritella communis 11.3
4) Nereis sp. 2.3
5) Labidoplax digitata 2.0
6) Venus striatula 1.5
6) Corbula gibba 1.5
8) Nyrtea spinifera 1.0
8) Thyasira flexuosa 1.0
10) listerias rubens 0.3
11) Abra alba 0.8
12) Ophiura albida 0.8
12) Dos ini a exoleta 0.8
14) Amphiura filiformis 0.5
4 C ) other c o m m u n ! ties
The dredge sample for station 5.01 consisted only of large 
slabs of p hyllite su g g e s t i n g  this was an area of rocks and 
boulders. The only living fauna retrieved were e n c r u s t i n g  
s erpulids and f oramini f era. This was not included in the 
m u l t i v a r i a t e  statistics. A small log bought up in a dredge 
fr o m  the silt s u b s trate was also enc r u s t e d  with serpulids  
and heavily bored by polychaetes.
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F i g u r e  3. 14; R e c o n s t r u c t i o n  of the gravel c o m m u n i t y  (based on 
the l i t e r a t u r e  and box cores taken from the silt communities).
Key; EDC) E d w a r d s i a  callimorpha, LD) L y g d a m i s  murata, NS) 
N e p h t h y s  sp. burrows, MP) M e l i n n a  palmata, AR) A s t e r i a s  
rubens, OT) Op h i u r a  texturata, AF) A m p h i u r a  f 111 f ormls, CG) 
C o r b u l a  g l b b a  a t t a c h e d  by byssus thread to shell, EB) E b a l i a  
cranchi, VF) Venus fasciata, F) e n c r u s t i n g  foraminifera, S) 
serpulids, SS) s e r p u l i d  e n c r u s t e d  shell.
C o r i n g  s u g g e s t s  away fr o m  the s u b m e r g e d  infi l l e d  valleys (see 
C h a p t e r  2) the shell gravel is about 3 0 c m  thick so the rock 





5) Da ta Expl o r a t i o n
lo i nvestigate from a statistical point of view, the
extent to which the different comm u n i t i e s  separate, the data 
has been subj e c t e d  to several different statistical 
techniques. These techniques have in common the aim of 
r e d u c i n g  m u l t i v a r i a t e  data in high number of d i mensions to a 
lo w  order d i m e n s i o n a l i t y  (2-3d) which can be displayed on a
g r a p h i c a l  plot and more easily interpreted. The following
techn i q u e s  were tried; Mult i d i m e n s i o n a l  Sc a l i n g  (MDS), 
P r i ncipal Co m p o n e n t s  Analysis (PGA), C o r r e s p o n d e n c e  Analysis 
and a c o m b i nation of PCA and MDS. I am  grateful to Dr D. 
M a n n i o n  (Department of Mathematics, R.H.B.N.C.) who wrote a 
large suite of programs to implement these technique^and ran 
them on the college Vax computer. The details of the
different techniques used and the different ways the data
was scaled are given in Appendix (1). In this section only 
the tests which d i s played the best community r ecognition are 
shown (Figures 3 . 15a,b).
Of all the techniques it was MDS combined with PCA which 
produced the best r e cognition of the different communities. 
In this technique the first eight e igenvalues calcu l a t e d  by 
PCA are analysed by MDS. The original data was scaled using 
the log values of the data and also p r e s e n c e - a b s e n c e  data 
(see Figure 3.15a,b). The five different communities, all
r e c o g n i s e d  by the visual examination of the data all 
p r o d u c e d  distinct clusters with only a slight overlap 
b e t w e e n  the different communities. This is to be expected
b e c ause of the o c c urrence of some cosmop o l i t a n  species such 
as Venus str i a t u l a  and E c h i n o c a r d i u m  corda turn.
This analysis confirms the existence of different faunal 
as s o c i a t i o n s  in the bay and gives an indication of the 
s i m i l a r i t i e s  and differences between the stations as defined 
by the their faunas. For example in both plots the two
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s u b c o m m u n i t i e s  can be seen to be similar to each other. The 
muddy sand and clean sand c o m m unities are more distinct than 
the other communities.
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Figure 3 . 15a: Principal components analysis combined with
multidimensional scaling plots for live fauna data (Scaling 0-
1, see Appendix 1).
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Muddy sand 
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A m p h i u r a  f i l iformis 
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6) DISCUSSION
E n v i r o nmental factors aff e c t i n g  species and 
commun!ty d i s t r i b u t i o n  in benthic en v i r o n m e n t s
The actual names given to the com m u n i t i e s  found in 
Me v a g i s s e y  Bay strongly suggest that s u b strate is the main 
factor c o n t r o l l i n g  the di s t r i b u t i o n  and a b u n dance of 
species. It was felt necessary, however, to consider the 
other possible c o n t r o l l i n g  factors which are: biogeography,
salinity, light p e netration and water depth, water movement 
and finally biotic interactions,
A) B iogeographv
The changes in species dis t r i b u t i o n  due to g e o g r a p h y  is 
r eviewed by Wood (1987) and Earll & F a r n h a m  (1983) and is 
at t r i b u t e d  largely to temperature. B i o g e o g r a p h y  of the the 
E n g l i s h  Channel is d i s c ussed by Holme (1961, 1966).
M e v a g i s s e y  Bay lies within the faunal asso c i a t i o n  for the 
W e s tern English Channel region (Holme 1961, 1966) and
because of its small area there is no biogeographical 
va r iation in the benthic communities.
B> Salin i t v
The discharge of fresh water from Pentewan River is too 
minor to have any effect on salinity (Probert 1973).
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c ) Light and depth
The l i t erature d e s c r i b i n g  the the effects of light and 
depth on benthic c o m m u nities (eg. Wood 1987, D r e w  1983) 
c o n c e n t r a t e s  on hard substrate c o m m u nities and the zonation 
patterns shown by the marine algae.
fo assess the control depth had on the di s t r i b u t i o n  of 
s p ecies in M e v a g i s s e y  Bay the recorded depth range for key 
species in this study was compared to the published depth 
ranges for those species (see Table 3.10)
PyM iihid deeiJi and recorded d&piL range in  fnn












Tellina tenuis 0-1 Ora, sand (1 2-5m
Donsx \''itt3ius 0-1 Ora sand (1 2-5m
rellina fabula 2-55ra sand (1 2 , 5m-15m
f}bra aJba 0-68ra s i l t ,  mud (1 5-33m
Cultellus pellucidus 4~11 Ora s i l t ,  mud (1 15-33m
{''enus fasciata 4-110m gravel (1 24m
i'enus striatula 0-55ra muddy sand -  gravel (1 2-32m
Laevicardium crassum 1-180m coarse sand -  gravel (1 24m
Thyasira flexuosa 6 - 100m, muddy sand -  mud (1 15-35m
Turritella communis 15m-80m muddy sand -  sand (3 5) 28-35m
Dmphiura filiformis 3-1200m1 muddy sand (2 15-32m
Echinocardium cordatum 0-200m sands, muddy sand - gravel (3 2-35m
Edwardsia callimorpha 0-deep muddy sand -  gravels (4 26-35m
References; 1, Tebble 
1981, 5) Yonge 1946.
1966, 2 ) Hortensen 1927, 3) Campbell & Nicholls 1976, 4) Manuel
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The recorded depth ranges for all the species listed in
Table 3, 10 lie with i n  a much broader published depth range.
This suggests some other factor is c o n t r o l l i n g  their
distribution, The only species where depth control does s e e m  
to play a role is Turritella communis. This g a s t r o p o d  has 
not been r ecorded in water shallower than 15m (Yonge 1946, 
Marine Biological A s s o c i a t i o n  1957, Campbell & Nicholls 
1976). In this study the shallowest depth where T. commu n i s 
makes an a p p e a r a n c e  is 18 m  but only in large numbers in 
depths g r e ater than 28m. Depth is therefore the only
a p p a r e n t d i f f e r e n c e  in physical c o n ditions between this area 
and the n e i g h b o u r i n g  shallower Amph i u r a  f i l iformis  com m u n i t y  
and it is sug g e s t e d  that depth may somehow, be a c o n t r o l l i n g  
factor but it was, however, found in shallower water in the 
earlier surveys of Probert (1973) and Howell & Shelton 
(1970) (Figure A18) which is reflected by the occur r e n c e  of 
dead shells in shallower water in 1985/6 (Figure A18).
D ) Wa ter Movemen t
Water movement in the form of tidal currents, ocean 
curre n t s  or infrequent s t o r m  currents can affect species 
di r e c t l y  such as; s ettling patterns of larva, effic i e n c y  of 
s u s p e n s i o n  feeding m e chanisms (eg, the feeding pattern of 
A m p h i u r a  fi l i f o r m i s  changes with i n creasing water movement, 
Woodley, 1975) and transport of waste products (Wood 1987) 
but the samp l i n g  in this project has not been sufficient to 
identify such effects.
Water movement clearly controls the nature of the 
sub s t r a t e  (see Chapter 2) which results in a '• chicken-egg'* 
situation; are species c o ntrolled by the water movement or 
are they co n t r o l l e d  by s ubstrate or both? The difference in 
water movement between the gravels and the silt substrates
may be sufficient to prevent d e position of china clay 
over the shell gravels but wether this causes the
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diff e r e n c e s  in fauna rather than substrate cannot be 
Qscer t a i n e d .
E ) S u b s trate
The control of sub s t r a t e  type on the com m u n i t y  c o mposition  
was origin a l l y  recog n i s e d  by Allen (1899) who sampled along 
the 30 fathom line from the E d d y stone Reef to Start Point to 
mi n i m a l i s e  the effects of other physical d i f f e r e n c e s  such as 
water depth and temperature and found different species 
living in different substrates. Ford (1923) r e c ognised the 
r e l a t i o n s h i p  between benthic faunas and the substrate around 
Plymo u t h  Sound. Petersen (1913) divided the fauna in D anish  
waters into communities. He found that there were certain  
common species in different samples of the same s u b s trate  
which could act as indicator species for that community. He 
named each c o m munity after an indicator species, eg the 
E c h i n o c a r d i u m - f  illf ormis c ommunity after E c h i n o c a r d i u m
c o r d a t u m  and A m p h i u r a  filiformis, He r e cognised that this 
c o m m unity was typical of a sandy-mud at intermediate depths. 
Jones (1930) defined ten c ommunities on the basis of the 
s u b s trate they inhabited and so he renamed the 
E c h i n o c a r d i u m - f  H i f  ormis community to the Boreal O f fshore 
M u d d y - S a n d  Association. This community closely resembles the 
A m p h i u r a  fi l i f o r m i s  subcom m u n i t y  sampled in this study. In 
the 1968 survey of M e v agissey Bay by Howell & Shelton (1970) 
a similar com m u n i t y  was found and they described it as the 
best e x ample of Jones' (1950) Boreal offshore Muddy - S a n d 
A s s o c i a t i o n  in the British Isles (see Chapter 4).
Work on c o m m u nities in the English Channel include 
C r a w s h a w  (1912), Ford (1923), Smith (1932) and Holme (1953, 
1961 and 1966) any they all recognised the importance 
sub s t r a t e  had on c o n t r o l l i n g  the nature of the benthic 
community. All the data from these surveys plus the 
pr e v i o u s l y  m e n tioned work of Allen (1889), Ford (1923) and
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Holme (1953) together with Probert (1973) were r e a nalysed by 
C a r t h e w  & B o sence (1986) who d e m o n s t r a t e d  the same 
r e l a t i o n s h i p  using m u l t i v a r i a t e  statistical techniques.
Further studies d e m o n s t r a t i n g  the close re l a t i o n s h i p  
between s u b s t r a t e  and benthic comm u n i t i e s  include; F a r r o w  et 
al (1979) for West Scotland, Cadée (1968) for the Ria de 
Araosa, Spain, Buch a n a n  (1963) for the N o r t h u m b e r l a n d  coast 
and Pearson (1970) for Scottish lochs, A summary of all the 
s u b s t r a t e  types and their related sediments is given in 
Wil s o n  (1982). Bosence (1979) for Mannin Bay, Ireland, 
Warwick & Davis (1977) for the comm u n i t i e s  of P etersen  
(1918) and Dyer et al (.1983) for the North Sea qualified the 
f a u n a - s u b s t r a te re l a t i o n s h i p  with m u l t i v a r i a t e  statistical 
a n a l y s i s .
Su b s t r a t e  therefore clearly has an important control on 
the d i s t r i b u t i o n  of species in benthic soft substrates. 
De s p i t e  the large number of papers reco g n i s i n g  this factor 
very few workers have been able to d e monstrate why certain 
taxa are restr i c t e d  to particular substrates. It may be the 
relative hardness of the gravel s u b strate which may prevent 
some infaunal species becoming e s t a b lished (see Keary &
Keegan 1975, and Tr u e m a n  et al 1966). The speed of
bur r o w i n g  may also be important (Alexander et al 1988),
D o n a x  vittatus and Mact r a  coralllna are rapid borrowers  
(Alexander et al 1988) and are common in substrates which 
are frequently reworked. The feeding habit may also be a 
factor in c o n t r o l l i n g  the d istribution of species, deposit 
feeders are common (eg Nucula turgida^ in the muddy
subst r a t e s  where more detritus is available while in the 
clean sand and gravel sub s t r a t e s y a r e  far more abundant.
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F) Biotic i n t eractions
A l t h o u g h  d i f f e r e n c e s  in the physical e n v i r o n m e n t s  can be 
re l a t e d  to changes in benthic communities, these physical 
c o n d i t i o n s  need not n e c e s s a r i l y  be the reason why c e rtain 
s pe c i e s  are present w h ile others are not. Intera c t i o n s  
be t w e e n  the s p ecies may also control the str u c t u r e  and 
d ynam i c s  of the community. A r e v i e w  on biotic intera c t i o n s  
is g i v e n  by Woo d i n  (1983) who i d entifies two types of 
biotic interaction; i) comp e t i t i o n  and ii) predation and a 
third w o u l d  be c o m m e n s a l i s m  and fourth, trophic group 
amensalism. To est a b l i s h  and study biotic intera c t i o n s  
r e q u i r e s  d e t a i l e d  and long term a nalysis of popu l a t i o n s  
w h ich is beyond the scope of this study. However, some 
faunal o c c u r r e n c e s  suggest such i n t e ractions may be 
important in M e v a g i s s e y  Bay.
i) Competition.
In this study with only one sample taken fr o m  each station, 
the e f fects of c o m p e t i t i o n  on c o m m unity s tructure cannot be 
identified. The species recovered in this study are p resumed 
to be the successful "competitors", but there success is
only real i s e d  by their presence. T here is no trace of their 
victims. For such interactions to be r e cognised regular 
g rabs or box-core samples would have to be taken with a 
very fine mesh used for sieving. Spat- f a l l s  would have to be 
identified, the grow t h  and change in r elative d e n s ities of 
each s p ecies r ecorded before a realistic attempt at
i d e n t i f y i n g  comp e t i t i o n  can be identified. Examples,
however, could be that the settlement of A m p h i u r a
f i l i f o r m i s  is p r e v ented by p redatory filter feeders or
deposit feeders such as Tellina fabula  (Ziegelmeire 1970) ,
E d w a r d s i a  c a l l imorpha  are predatory suspe n s i o n  feeders 
(Manuel 1981) and they could prevent the settlement of
Amphi ura f H i  f ormis  i n
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-Çço^ ryiDi^  ‘C o m m u n i t y  in large numbers but this is speculation.
T urritella c o m m u n i s may be able to coexist with E d w a r d s i a  
call i m o r p h a  because it has a very short pelagic larval stage 
(Lebour 1933).
ii) Predation
Evide n c e  for predation is shells damaged by c r u s t aceans and 
shells which have been bored by Nati c a  alderi. A true 
a p p r e c i a t i o n  of the extent of predation and also comp e t i t i o n  
cannot be made in purely benthic studies because a large 
part of the e c o s y s t e m  is ignored. In the case of M e v a g i s s e y  
Bay some data on the nekton is available from a survey which 
was made in 1970 by the Ministry of Agriculture, Food and 
Fis h e r i e s  (Wilson & Connor 1976). Many species were caught, 
inc l u d i n g  Dogfish, Whiting, Dragonet, Sand-goby, Gurnards, 
Dab, Plaice and Sole. The gut contents of the Plaice and 
Dab were examined and they were found to feeding on large 
numbers of Melinna palmata, C ultellus pellucidus, Abra alba, 
Venus sp. , o p hiuroids and echinoderms with traces of all the 
other common species found in the silt. P r e d ation is 
obv i o u s l y  very common in these c o m m unities but h o w  they 
control the dynamics and c omposition of each com m u n i t y  or 
e c o s y s t e m  is beyond the realms of this project.
iii) C o m m e n s a l i s m
One other type of biotic interaction which is relatively  
easier to identify is the commensal r e l a tionship between the 
following species: the c o existence of Mysella bidentata and
A c r o c n i d a  brachiata (Gage 1966a, 1966b) and the c o e x i stence
of M o n t a c u t a  ferruginosa with E c h i n o c a r d i u m  corda turn is 
another. In these examples the presence of one species 
increases the chance of another species being present but in 
others one species may inhibit another. Lepton s q u a m o s u m  is 
found in the burrows of Upogebia sp. (Tebble 1966) so its
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presence in this study is accounted for by the presence of 
the b u r r o w i n g  shrimp.
iv) Trophic g roup a m e n s a l i s m
"Trophic g roup amensalism" (Rhoads & Young 1970), the 
e x c l u s i o n  of su s p e n s i o n  feeders by the feeding a c t ivities of 
deposit feeders has been reported from the s h a l l o w  muds of 
Massachusetts, U.S.A. (Rhoads & Young 1970), Tropical 
lagoons (Aller & Dodge 1974) and s h a l l o w  sand deposits 
(Myers 1977). It does not, however, occur in the muds off the 
west coast of S cotland (Rye 1980). In the c ommunities
r e c o r d e d  in this study both deposit feeders and s u s p e nsions 
feeders live together. Such a phenomena, however, is
b e c o m i n g  increasing hard to prove because it is n o w  known 
that many species can adapt their feeding strategies to the 
p r e v a i l i n g  conditions, this has been termed " O p p o rtunistic 
feeding" (Cadee 1984a) and examples include A mphi u r a
f i l i f o r m i s  , E c h i n o c a r d i u m  c o r d a tum and Tellina fabula (See 
C a d e e  1 9 8 4 a ) .
6) Conclusions
Four different c o mmunities are r e c ognised living in the 
china clay waste and s u r r ounding shell gravels of Mevag i s s e y  
Bay. The location of these c o m m u nities matches the
d i s t r i b u t i o n  of the different substrates. The silt community 
is divided into two s u b c o mmunities where water depth may 
play a role in cont r o l l i n g  the distri b u t i o n  of species. The 
c o m m u nities are typical for similar substrates found in the 
English Channel and elsewhere.
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CHAPTER 4
CLHHiGES IN BENTHIC FAUNA FOLLOWING THE CESSATION OF 
CHINA CLAY WASIE DUMPING.
 ^^  I ntroduction
China clay waste discharge into Mevagissey Bay via the 
White River, reached its m a x i m u m  level in 1968 when 700,000 
tons were dumped. B e t ween 1970 and 1973 there was a rapid 
reduction in the amount discharged from 700,000 tons per a nnum  
to the complete c e s s ation in 1973 (see Figure 1.3).
The benthic fauna living in the waste deposits in 1985/6 
have already been described in the previous chapter. This 
chapter compares the faunal distri b u t i o n  with the 1968 survey 
of Howell & Shelton (1970) taken when dumping was at its 
m a x i m u m  (700,000 tons per annum)and the 1971 survey of Probert 
(1973, 1975) when dumping was at 450,000 per annum. The faunal
changes shown by these successive surveys and their relation 
to changes in the rate of clay waste dumping are examined in 
this chapter.
2 ) Micaceous china clay waste dumping;
an example of_ inert solid pollution
Mar i n e  pollution is defined by GESAMP, (United Nations Group 
of E x p erts on the Scientific Aspects of Marine Pollution) as 
"the i n t r oduction by man, directly or indirectly, of 
s u b s t a n c e s  or energy to the marine environment resulting in 
such d eleterious effects as h a r m  to living resources; hazards 
to human health; hindrance of marine activities including 
fisheries; impairment of the quality for use of seawater; and 
r e d uction of amenities" (Clark 1986).
There are four categories of marine pollution (Clark 1986);
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1) De g r a d a b l e  wastes ; those which break-down in the marine 
environment (eg, oil, sewage and paper pulp),
i i ) H e a t .
H i )  C o ns e r v a t i v e  wastes ; those which are no n d e g r a d a b l e  and 
are reactive in plants and animals (eg radioactivity, DDT. and 
heavy m e t a l s ) ,
iv) P a r t i culate or inert solid p o l l u t i o n : inert solid
p o l lution is p a rticulate matter which has no harmful chemical 
properties. It can damage the marine environment by reducing 
light p enetration and so reduce photosynthetic activity, 
smother animals, clog feeding mechanisms and change the nature 
of the sea-bed (Clark 1986). Examples of inert solid or 
p a r t i c u l a t e  waste include; powdered ash (fly ash) from coal- 
fired power stations, colliery waste, red mud, dred g i n g  spoil 
and finally china clay waste (see section 4.7 for details).
The majority of china clay waste dumping in Cornwall was 
conf i n e d  to St Austell and M e vagissey Bay but smaller 
qu a n t i t i e s  were also discharged into the River Pal where most 
of the material was deposited (Bradfield et al 1976). The only 
other example of china clay pollution known to me is the
accidental spillage of kaolin over a Hawaiian coral reef
(Dollar & Grigg 1981).
3) Previous Work on the benthic faunas of Mevagissey Bay
In order to investigate the effect the china clay waste 
dis c h a r g e  was having on the faunas of St. Austell and
M e v a g i s s e y  Bays the Ministry of Agriculture, Fisheries and 
Food undertook a survey of the benthos in 1968 (Howell & 
Sh e lton 1970) and fish in 1970 (Wilson à Connor 1975). Howell 
& S h elton (1970) assigned the various benthic species into
three groups; i ) species intolerant to china clay waste, ii)
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china clay waste peripheral species and iii) china clay 
species;
Î2- Intolerant s p e c i e s ; the following species of bivalve were 
found to be intolerant of china clay waste (ie, they were not 
found in areas of clay waste deposition), Venus fasciata, 
D o s i n i a  exoleta and Venerupis rhomboïdes. They were all thick- 
sh elled suspe n s i o n  feeding l a m e l 1 i b r a n c h s . They were all found 
where there was only very minor china clay waste and where the 
sub s t r a t e  was nat u r a l l y  very coarse.
1 i ) Peripheral s p e c i e s , these species were most common in the 
mixed sediment around the main areas of china clay waste and 
include; N e p h t y s  h o m b e r g i , Abra alba and Tellina Tabula.
iii ) China clay waste s p e c i e s . these species live within the 
central region of the bay which in 1968 was totally composed 
of fine grade china clay waste. It included the following 
species; Me l i n n a  palmata, C u l t ellus pellucidus, E c h i n o c a r d i u m  
c o r d a tum, A m p h i u r a  filiformis and A c r o cnida brachiata.
Howell and Shelton (1970) related their findings to the
g eo g r a p h i c a l  d i s tribution of benthic species identified by 
Holme (1961, 1966) and concluded that all the species found
are typical for the Western English Channel. The communities 
ma t c h e d  comm u n i t i e s  found in similar natural (ie unpolluted) 
su b s t r a t e s  as defined by Jones (1950).
Close inshore adjacent to Pentewan Beach the fauna was
sever e l y  impoverished. Howell & Shelton (1970) accounted for 
this by the rapid deposition and subsequent erosion of the
china clay waste in this area.
Probert (1973, 1975, 1981) undertook a more thorough survey
of M e v a g i s s e y  bay. He defined four aims to his survey;
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i) To see if it was p ossible to further define the faunal 
zones that had been Indicated by the I960 sur v e y  (Howell & 
Sh e l t o n  1970). He compared his data with that of Howell & 
Sh e l t o n  (1970) and recog n i s e d  a faunal gradient of reduced 
d i v e r s i t y  or impoverishment towards the source of the 
d i s c h a r g e  into Mevag i s s e y  Bay (Probert 1973, 1975). Four areas 
were defined each with a distinct community, these were the 
Azoic Area, Inshore Area, Central Area and Fringe Area. The 
d e tails are g iven in Figure 4,1.
ii) To e s t a b l i s h  any changes in benthic s t r u cture over the 
three year period between 1968 (Howell & S h elton 1970) and his 
surv e y  of 1971 (Probert 1973, 1975). No significant change was
r e c o r d e d  (Probert 1973, 1975). Although no large-scale changes
were observed, both C u l tellus (Phaxas) p e l l u c i d u s  and M e l i n n a  
p a l m a t a  in 1968 had a slightly closer inshore p e n e t ration 
w hile Ab r a  alba was more w i d espread In 1971 and could not be 
c o n s i d e r e d  a peripheral species.
iii) To record the change in community structure during the 
r e d u c t i o n  in clay waste dumping between the years of 1970 and 
1973 from 700,000 tonnes in 1971 to the complete c essation in 
1973. Duri n g  this period Probert (1973, 1981) collected 
f ifteen m o nthly benthic samples from two stations (A and B, 
see Figure 4.1) to establish what changes occurred during this 
period. The results were that while the faunal density 
rema i n e d  relat i v e l y  stable the species diversity declined. The 
o b s e r v e d  major changes in the community structure were similar 
to natural fluctuations of coastal s o f t - b o t t o m  populations 
r e s u l t i n g  fro m  species interactions and differences of larval 
success. Probert (1981) suggested that the high suspended 
s o lid c o n c e n t r a t i o n  was unlikely to have adversely effected 
the community, but it was the persistent sediment instability 
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iv> To provide a data base for any co m p a r i s o n  with a p o s t ­
p o l lution survey. With the c e s s ation of china clay waste 
d i s charge in 1973 Probert (1973) stated "a rew a r d i n g  study 
would be an e x a m i n a t i o n  of the relative changes in the
c o m m u n i t y  of the Azoic, Inshore and Central A r e a s ” . This 
chapter attempts such a study.
4) Methods
The details of methods used in the latest survey have 
al ready been given in Chapter 3. To summarise, a m o d i f i e d  
anchor dredge was used to collect the samples and they were 
sieved through a 1.6 m m  mesh (or 5mm in coarse samples). Both 
Howell & Sh e l t o n  (1970) and Probert (1973) used a 0.5m-'- Baird  
gra b  (illustrated in Holme, 1964) and a 1.6mm mesh, res o r t i n g  
to 6 . 3 5 m m  meshes in coarse substrates. Both the earlier 
surveys sampled the same stations and this survey resampled
s e v e n t e e n  of the previous stations together with twenty three
n e w  ones (see F igure 3.1).
To compare the results of the three surveys the data of 
Howell & Sh e l t o n  (1970) and Probert (1973) were r e - a nalysed 
by visual assessment of distri b u t i o n  maps (Appendix 2, figures 
A1-A67) and Table 4.1) and through the use of mu l t i v a r i a t e  
statistical techniques outlined in Chapter 3. The aim of this 
is was to see if the ” a r e a s ” defined by Probert (1973, 1975)
could be shown by statistical analysis and to see h o w  the 
comm u n i t i e s  or areas compared to the faunas recorded in 
1985/6 and also 1968 (Howell & Shelton 1970). The distri b u t i o n  
and relative abundance of each species from all three surveys 
were compared with each other.
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Table 4.1 ; gimmry aL m io. d i f fe r ences sham  del ween ihe three surveys a i  his. benthic faunas 
Qi Hexagissey Bax (Figures aie. distribution laaaa. in  Appendix (2)





































Not recorded in 1968,, i t  was found in small numbers in 1971 but 
only in large numbers in 1985/6,
Found closer inshore in 1971 than the two other 
surveys.
Increase in number of occupied stations between 1968 and 1971, from 
two occupied stations to twenty. (Eighteen in 1985/6),
Concentration in 1985/6 to the sand adjacent to Pentewan Beach,
Only found in 1985/6,
Concentration in the sands adjacent to Pentewan Beach in 1985/6, 
Many more individuals found in 1971 than the two other surveys. 
First appearance in 1985/6,
F irst appearance in 1985/6.
Possible slight concentration in the "Inshore Area" (Probert 
1973) in 1985/6,
This species was not found in 1968,
This species was not found in 1968,
This species was not found in 1968,
This gastropod was found live in 1968 in shallower water than the
two subsequent surveys.
F irst appearance in 1971,
Larger proportion of occupied stations in 1985/6 than the two 
previous surveys.
Larger proportion of occupied stations in 1985/6 than earl ie r  
stations.
Larger proportion of occupied stations 1985/6 than previous 
surveys.
NB; 1968 survey; Howell & Shelton (1970), 1971 survey; Probert (1973,1975) & 1985/6 survey; 
this study (Chapter 3)
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5) F a u nal. changes in M e v a g i s s e y  Bay twelve years after the 
cessation of china clay waste dumping
A summary of the species sh o w i n g  d i f f erences between the 
three surveys is given in Table 4. 1 and the d i fferences seen 
within each area or com m u n i t y  will n o w  be discussed. The 
comm u n i t i e s  recog n i s e d  in 1985/6 appear to corre s p o n d  with 
some of the areas defined by Probert (1973, 1975). The Azoic
Area of Probert (1973, 1975) corresponds with the position of
the clean sand community while the position of the Inshore 
Area corr e s p o n d s  well to the position of the muddy sand 
community. The Central Area (Probert 1973, 1975) is very
similar to the c ombined position of the two silt 
s u b c o m m u n i t i e s  and the Fringe Area matches the position of the 
shell gravel c o mmunities with the exception of the shell 
gravel found at station 2.07, 2.08 in 1985 but these positions
were not s a mpled earlier.
i ) The Azoic Area (Probert 1973)
This area was p r e viously devoid of any fauna except for the 
occasional N e p h t y s  hombergi in the surveys of Howell & Shelton  
(1970) and Probert (1973). The Azoic Area has since been 
c olonised by the shallow, clean sand community (see Chapter 
3).
The c o m munity n o w  inhabiting the former Azoic Area (Probert 
1975) closely resembles a Boreal S h a l l o w  Sand A s s o c i a t i o n  of 
Jones (1950) or Tellina tenuis community (Sparck 1935). It is
one of Tone's two communities for w hich the upper limit is
the shore. This community inhabits a pure sand where there is
fairly heavy surf, physical conditions which closely match 
those of the Azoic Area. Both of the characteristic b i valves  
are present in this Area but instead of N e p h t y s  caeca, N.
hombergi was recorded in the 1970's.
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Wit h  c o m p a r i s o n s  of s a m p l e s  c o l l e c t e d  by d i f f e r e n t  
t e c h n i q u e s  there is a l w a y s  a p o s s i b i l i t y  that the o b s e r v e d  
d i f f e r e n c e s  are due to the d i f f e r e n t  p e r f o r m a n c e s  of the 
samplers. In this s t u d y  an a t tempt to c o l l e c t  g r a b  s a m p l e s  was 
m a d e  but bad w e a t h e r  p r e v e n t e d  s u c c e s s f u l  sampling. Tellina 
tenuis, however, li v e s  in b u r r o w s  about 5 c m  de e p  (Holme 1961b) 
and so it s e e m s  u n l i k e l y  that the g r a b s  of p r e v i o u s  w o r k e r s  
w o u l d  h a v e  fai l e d  to take the m  wh e n  they r e c o v e r e d  deeper 
b u r r o w i n g  species.
D u r i n g  the peak d i s c h a r g e  of the c hina c l a y  w a s t e  the former 
" A z o i c  Area" was u n d e r - g o i n g  r apid d e p o s i t i o n  of fine g r a i n e d  
material. In 1968, the mud content of s e d i m e n t  f r o m  this area 
was a h i g h  as 69% but in 1985/6 it was less than 4%. The
h i g h  mud c o n t e n t  was a result of a l arge p r o p o r t i o n  of the
w a s t e  b e i n g  d e p o s i t e d  in this r e g i o n  p e r h a p s  as a result of 
f l o c c u l a t i o n  of s u s p e n d e d  clay p a r t i c l e s  (Probert 1973). The
c h a n g e  in fauna c o u l d  c o r r e s p o n d  to this; the s u b s t r a t e  with 
it's h i g h  m i c a  c o n t e n t  and d e p o s i t i o n  rate w o u l d  be u n s t a b l e  
and as a c o n s e q u e n c e  p r o n e  to c o n s t a n t  r e w o r k i n g  (Inter b i t z e n  
1970) as well as burial. S c h ë f e r  (1972) r e c o g n i s e d  that high 
s e d i m e n t a t i o n  r a t e s  was an i m p o rtant c a u s e  of d e a t h  in benthic 
s p e c i e s  w h i l e  Turk & Risk (1981) found that na t u r a l
s e d i m e n t a t i o n  ra t e s  of 1-l O c m  per year a d v e r s e l y  a f f e c t e d
s u b l i t t o r a l  species, wit h  the e f f e c t s  mor e  p r o n o u n c e d  for
finer sediments. T h e  s t r e s s  was p r o b a b l y  too h i g h  in this 
" p h y s i c a l l y  c o n t r o l l e d "  e n v i r o n m e n t  (Sanders 1968) for any
c o m m u n i t y  to b e c o m e  established.
T w e l v e  y ears a fter c e s s a t i o n  of d i s c h a r g e  a r e c o g n i s a b l e  
i n f a u n a  has b e c o m e  e s t a b l i s h e d  w h i c h  does, however, h a v e  a low 
s p e c i e s  diversity. This m ay be b e c a u s e  it is still in a 
p h y s i c a l l y  c o n t r o l l e d  e n v i r o n m e n t  but the c o n t r o l l i n g  f a c tors 
are normal for that location, n a m e l y  h i g h  surf and o c c a s i o n a l  
reworking. The h i g h  mud c o ntent in this area r e c o r d e d  by
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P ort m a n n  (1970) (see Chapter 2) in 1968 is no longer present 
due to constant w i n n o w i n g  by waves.
i i ) The Inshore Area (Probert 1 9 7 3 ) .
A large reduction in the number of L a b i d o p l a x  digltata is 
the only significant d i fference in the fauna for the Inshore 
Area. The major i t y  of the L. digltata recorded by Probert 
were reported as juveniles res u l t i n g  from a recent spat-fall. 
N u c u l a  turgida is not so common as it was in 1971 and there 
has also been a r e d uction in other species which are more 
charac t e r i s t i c  of a muddy substrate such as Amph i u r a  
filiformis, Me l i n n a  p a l m a t a  and Thyasira flexuosa. D o n a x  
vittatus was only recorded in 1985/6, but with only the 
limited data base such variation could be the result of the
natural fluctuations expected in benthic communities.
T here has been no significant change in the sediment from  
this area in the twenty years period covered by the three 
surveys (see Chapter 2).
iii) The Central Area (Probert 19 7 3 ) .
The Central Area corresponds to the position of the silt 
co m m u n i t i e s  of 1985/6, The following c haracteristic species of 
the silt community^ E c h i n o c a r d i u m  cordatum, A mphiura  
filiformis, Me l i n n a  palmata, C u l t e l l u s  pellucidus, and 
Thyasira flexuosa were present in all the surveys. The re­
a nalysis of Probert's data using M.D.S suggests that the two
s u b c o m m u n i t i e s  were in existence at that time but were not
re c o g n i s e d  by Probert (Figure 4.2).
E d w a r d s i a  callimorpha shows the greatest change in "the silt 
community. Howell & Shelton (1970) did not record any 
E d w a r d s i a  c allimorpha but they specify that they recorded only 
the polychaetes, molluscs and echinoderms. It seems likely.
165
however, that if E d w a r d s i a  call i m o r p h a  was taken in the
s i m i larly large numbers as the last two surveys that its 
p resence would have been noted. It would, however, be wrong to 
spe c u l a t e  that E d w a r d s i a  callimorpha  has made an appearance
between the I960 and 1971 survey without being sure of this.
Present staff at the laboratory of the Minis t r y  of
Agriculture, Fis h e r i e s  and Food in July 1987 were unable to 
recall such detail for work u n d ertaken almost twenty years ago 
so this important point u n f o r t unately cannot be resolved. The 
absence of E d w a r d s i a  callimorpha be it real or apparent 
prob a b l y  causes the lack of distinction of two-subcommunities 
in the "Central Area" for the 1968 survey of Howell & Shelton 
(1970).
There has been no significant change in the sediment grain 
size from this area in the twenty years period covered by the 
three surveys (see Chapter 2) which may account for the lack 
of significant change in the benthic fauna.
As the E c h i n o c a r d i u m  - filiformis  C o m munity (Petersen 
1918) of the Central Area (Probert 1973) has been recorded in 
other regions free from the effects of inert solid pollution 
together with the close similarity of the faunas during and 
after the pollution we can conclude that the white water and 
high s e d i m e n t a t i o n  rates were not sufficient to modify or 
h a r m  the community structure of the Central Area. The same 
concl u s i o n  can be drawn for the Inshore Area. The community, 
however, is p r o foundly different to the gravel community which 
w ould have been present if there was never any pollution.
iv) The Fringe Area
The Fringe Area of Probert (1973) covers the shells sands in 
the s o uthern region of the Bay and the shelly gravels its 
e a s t e r n  limits. In the latest survey only the muddy gravels 
faunas have been sampled. The gravels are c h a racterised by a
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high diversity and low species density and so the small
changes are hard to separate from the background variation
expected from sampling in such a substrate.
6) Data Exploration
The data for Probert's survey of 1971 (in Probert 1973) and 
Howell & Shelton's survey of 1968 (in Howell & Shelton 1970) 
were reprocessed using the combined Principal Components and 
Multidimensional Scaling technique described in Appendix (1). 
The resulting clusters shown in Figure 4.2, correspond to the 
"areas" defined by Probert (1973, 1975). The statistical
analyses not only corroborates the distinction of Probert's
areas but also shows that his Central Area can be subdivided 
into two distinct sub-areas or subcommunities. The stations on 
the eastern side of his Central Area lie within one cluster 
and the stations on the western side lie within another
cluster. The geographical location of these stations
corresponds to the position of the two silt subcommunities
'X-co/ni/r>Ly2l£-'
found in 1985/6; the Edwar ï^îstar^'^ca-11 i-morpha , subcommunity and 
the A mphiura filiformis, subcommunity. These subcommunities,
therefore existed in 1971 but were not recognised by Probert
(1973, 1975). Such a distinction could not be made for his
"Central Area" in 1968 (Howell & Shelton 1970), Figure 4.2.
The clusters (Figure 4.3) of stations from Probert's
different areas is important for two reasons, i ) it validates
statistically, Probert's (1973, 1975) classification of Azoic,
Inshore, Central and Fringe Area and ii) shows that such areas 
were in existence in 1968, when dumping was at its peak. The 
position of the clusters (Figure 4.2, 4.3) and shape of the
clusters are not the same for the two 1968 and 1971 surveys.
This is probably a result of the number of species identified 
and recorded for two surveys; Probert (1973) identified the
majority of polychaetes to species level and in his data set
included all the rare species from all the phyla (a total of
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Fipvire 4.2a; Combined principal components analysis and
multidimensionai scaling plots for previous benthic surveys in 
Mevagissey Bay; Howell & Shelton (1970), scaling (see
A ppendix 1).
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Figure 4.2b: Combined principal components analysis and
multidimensional scaling plots for previous benthic surveys in
Mevagissey Bay; Probert (1973), log scaling (see Appendix 1).
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Figure 4,2c; Combined principal components analysis and
multidimensional scaling plots for previous benthic surveys in
Mevagissey Bay; Probert (1973), 0-1 scaling (see Appendix 1).
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110 species). Howell and Shelton (1970) only recorded the 
molluscs, echinoderms and polychaetes (51 species), This is 
particularly important for the Central Area because of the 
importance of the c o e l e n t e r a t e ; Edwardsia callimorpha in 
1985/6 and 1971, this will be discussed later,
7) Discussion
With only three surveys taken over a period of eighteen
years using two different sampling methods, detailed and 
quantitative comparisons are not possible. Coupled with this, 
the natural variation in populations on a monthly, yearly and 
longer term scales have to be considered before pollution 
induced changes can be recognised;
For many communities sampled over a period of a few years 
some degree of variation or instability is found to occur. 
Reviews are given by Wood (1987) and Gray (1981). Such
instability may be centred around an equilibrium point (Gray
1977) where following the removal of the cause of the
variation the community structure returns to its previous 
composition. In a benthic ecosystem the community structure 
could be modified by a change in the substrate. If the 
substrate returns to the original type then the original
community will return. Such a population is described as 
having returned to its equilibrium level. Essential to the 
equi l i b r i u m  level is the "basin of attraction" (Gray 1977), 
this sets the limits of variation which would permit the 
community to return to the original community or equilibrium 
level. The community described is said to exhibit
" neighbourhood stability" if it survives the variations. If a 
large perturbation should occur in the community the changes 
may be so severe that the community or system would be 
transformed into another basin of attraction with a different 
e qui l i b r i u m  point with the result that the original community 
structure being lost.
171
The silt community has a different basin of attraction with 
range of temporal perturbations which will never overlap with 
the gravel community or the clean sand community.
There have been several attempts at e s t a blishing the causes 
of fluctuations in the sublittoral benthic faunas of the 
Nort h u m b e r l a n d  coast by Buchanan et al (1978) who related 
fluctuations over a ten year period to winter temperature 
fluctuations. B uchanan 8s Moore (1986) however, revised these 
ideas suggesting that "intermittent variability in the flux of 
organic material from the water column to the bott o m  and
biological interaction" were both of greater importance than
temperature for causing the recorded fluctuations.
So, if natural fluctuations are common even in 
envir o n m e n t a l l y  stable communities, slight changes in the 
abundance of particular species or the appearance or
di s appearance of rare species cannot and should not be
attributed to variations to china clay pollution. Most of the 
changes listed in Table 4. 1 are here attributed to natural 
fluctuations. The only significant change is the colonisation 
of the area close to Pentewan Beach, formally the Azoic area 
(Probert) by the shallow, clean sand community..
8) Other examples of inert solid pollution on the marine
environment
8 i ) Flv ash
Fly ash is the waste product of coal-fired powered stations, 
it is dumped in the sea from boats along the N o rthumberland  
coast in quantities approaching one million tons a year. Both 
the sediment and the ecological affects of dumping have been 
studied by Bamber (1978, 1980a, 1980b, 1982, 1983) and by the
M i nistry of Agriculture, Fisheries and Food (Eagle et al 
1979). Fly ash consists of silt sized, silica, glassy spheres
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and is regarded as chemically inert (Bamber 1980a). The 
original substrate of the dump site was a reworked glacial 
gravel within finer sediments were found in the offshore 
regions (Bamber 1980). Both Bamber (1983) and Eagle et al 
(1979) found zones of impoverishment towards the dump site 
with a very depleted fauna at the actual dump site. Away from 
the dump site where the fly ash had settled following 
reworking by currents an E c h i n o cardium - f H i  f ormis community 
(Petersen 1918) was recorded. This suggested it was not the 
properties of the fly ash which were harmful to benthic life 
but the frequent dumping of the ash which smothered the fauna 
and made the sediment unstable because of the high water 
content associated with rapid dumping. As the original
substrate was a gravel, a previously gravel fauna had been 
replaced by the natural community typical of the finer
substrate.
8ii) Collierv waste
Colliery waste consists of 2-300mm angular grey shale and 
some sandstone and is about 20% carbon. Waste is dumped along 
selected regions of the Northumberland coast from ships.
Severe faunal impoverishment is associated with the dump sites 
(Eagle et al 1979).
8iii) Red, mud
"Red mud" refers to a waste product from the production of 
alu m i n i u m  from bauxite. The exact composition of red mud 
depends on the source of the bauxite and its treatment during 
production (Blackman & Wilson, 1973) but is generally is an 
insoluble oxide of iron, silicon and aluminium.
Since 1967 aluminium works have been discharging residues 
into the submarine canyon of Cassidaigne (near Marseilles) by 
means of a pipe at a depth of 350 metres (Bourcier 1969). The
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greater part of the red mud forms a density current which 
spreads in the central deeper part of the canyon (Bourcier & 
Zibrowius. 1973) and reaches a depth of 1,800m (Bourcier 
1969). Two faunal zones have been recognised (Bourcier 1969, 
Bourcier & Z i b r owius 1973); a central azoic zone near the 
mouth of the pipe with a thick layer of red mud, and a
peripheral zone with a normal benthic community for that 
s ubstrate and that depth. It appears to be the constant 
depos i t i o n  of material which produces the harmful affects to 
the fauna rather than any properties of the red mud.
B l ackman & Wilson (1973) recorded no damage by red mud in 
parts of the Bristol Channel because fast moving currents
p r e v ented the settlement of large quantities of the material.
8iv) Dredging spoil
The dumping at sea of dredge spoil is the most widespread 
f o r m  of particulate pollution in Great Britain with twenty- 
eight million tonnes dumped annually (Clark 1986) at sixty
licensed sites (Norton & Rolfe 1978). Virtually all the dredge
spoil originates from harbours and heavily industrialised 
water - w a y s  and as a consequence it may contain higher than 
normal c o n centration of heavy metals such as mercury. Dredge 
spoil, therefore, in some cases,is not inert. Ptifzenmeyer
(1970) in a study of dredged material found a gradient of 
i mpoverishment towards the dumping site for dredged material 
in C heasapeake Bay
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8) Conclusions; the effects of inert solid pollution on the 
marine environment with emphasis on china clay waste dumping
in Mevagissev Bay
This study on china clay waste deposit taken with other 
studies on inert solid pollution have shown that the damage to 
benthic life is confined to near the discharge point be this a 
river, boat or pipeline. The rapid deposition and resulting 
instability of the waste material results in an area of severe 
faunal impoverishment or azoic condition. Following the 
cessation of dumping and a return to normal environmental 
conditions a community typical for the grain size, water depth 
and biogeographical region becomes established. In
Mevag i s s e y  Bay this recolonisation process of a former azoic 
area was accomplished within twelve years.
The faunas presently living in the china clay waste silt 
away from the discharge point are typical for the grade of 
sediment they are inhabiting were also found during the peak 
of dumping (Howell & Shelton 1970), during the decline in 
dumping (Probert 1973, 1975) and twelve years after the
cessation of dumping (this study). F r o m  this it seems that 
the reduced visibility and elevated deposition rates during 
the dumping period had no deleterious effects on the benthic 
communities away from the discharge point.
Following the cessation of china clay waste dumping in 
Mevagissey Bay, Probert (1975) expected the Echi n o c a r d i u m -  
f H i  f ormis C ommunity (Petersen 1918) inhabiting his Central 
Area to penetrate farther shore-wards into the Inshore and 
Azoic Areas. This has not been the case because the substrate 
is probably too sandy close inshore.
Cores taken through the china clay waste and other evidence 
(see Chapter 2) have shown that pebble and shel1-gravels were 
the original sediment of Mevagissey Bay. So before the start
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of china clay waste dumping in the early 1800's, the faunas 
would have been more typical of a gravel substrate with such 
species as L a e v i c a r d i u m  crassum  and Venus fasciata. So while 
the communities in the waste are typical for that substrate 
the pollution has profoundly effected the bay because the 
"natural" community has been replaced by one typical for the 
grain size of the deposited waste. Other examples where the 
p ollution source is different to the natural substrate are 
c olliery waste (Eagle et al 1978) and fly ash (Bamber 1980a, 
1980b, 1982, 1983) both along on the Northum b e r l a n d  Coast.
Here communities typical for the grade of waste are found and 
not the community typical of the natural sediment of the area.
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CHAPTER 5
C O M M U N I T Y  P R E S E R V A T I O N
1> Introduction
An important goal for palaeontologists has long been an 
attempt to understand and reconstruct the original
c ommunities from preserved fossil assemblages <eg M c K e r r o w
1978). The fundamental a im being the recognition in the 
c o l lected fossil assemblage of the original living 
c ommunities or biocoenosis (Newell et al 1959). F r o m  death 
to burial, a community will lose various components by a 
number of processes collectively known as taphonomy 
(Efremov 1940). A recent history of the study of taphonomy 
is given in Behrensmeyer & Kidwell (1985).
The first stage in the formation of a shelly, fossil 
assemblage is the transition of skeletal living
communities into a death assemblage. One method of 
u n derstanding this initial stage of fossil assemblage 
formation is by studying modern environments. Such studies 
compare the distribution of living species with the 
a ccumulating hard parts. The majority of studies are 
confined to living species which have potentially
preservable hard parts (eg, molluscs). The difficulties in 
q u a n t i f y i n g  the number of individuals from hard-parts of 
species whose skeletons rapidly disarticulate after death 
probably accounts for the lack of information on such groups 
as as echinoids and arthropods. Further-more the studies 
tend to concentrate on the material coarser than 1 or 2mm, 
so smaller species of molluscs and more importantly traces 
of d i sarticulated skeletal material are rarely considered. 
The range of studies comparing live - dead faunas are given 
and some of the results are given in Table 5.1.
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Table LAi Liil oi published ïiflii comparing biocoenosis ia thanatocoenosis. ûih. i summary 
ai ihs. diiffrances, observed
Reference Environment % non Diversity 
skeletal sp, Dead)Live
Dead sp, Trophic 
occurrence* reconst
Smith 1931 Open Marine Y
Holme 1961a Open marine
Johnson 1965 Lagoon Y Y
Wilson 1967 Estuary N N
Cadee 1968 Enclosed bay Y N
Lawrence 1968 Oyster bed 75% (D) N N
Warme 1969 Lagoon
Hertweck 1971 Open marine
Stanton 1976 Open marine Y N
Warme 1976 Lagoon
Peterson 1976 Lagoon
Antia 1977 Mud f la t Y N
Schopf 1978 Mud f la t 60% (D) Y Y N
Bosence 1979 Open bay Y N
Powell et al 1982 Lagoon
McCall & Tevesz 1983 Enclosed bay 50% (D) Y Y N
Cadee 1984 Open marine - N N
Staff et al 1985 Various 99-1% (No) Y 
99-0,1% (B)
Carthew & Bosence 1986 Open marine
Staff et al 1986 Lagoon Y N
Kev: Y = Attempted and found to be true for that study 
N = Attempted but found not to be true for that study 
-  = Not considered
(B) biomass, (D) Species diversity, (No) Species number 
t Species occurrence is a indication of how well the preservable species found living are 
found in the death assemblage,
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account l a i  recorded











Antia 1977 Mud f ia t - - - - - -
Johnson 1965 Lagoon - - * - -
Warme 
et al 1976 Lagoon ** * ** - - - -
Peterson '76 Lagoon ** * 0 0 - -
Cummins 
et al 1986 Lagoon m ** *$(v)
Staff
et al 1986 Lagoon m - - l (v ) ** -
Powell 
et al 1982 Lagoon m - * * - -
Wilson 1968 Estuary - - * * * * * * - -
Cadee 1968 Enclosed Bay - 0 ** * 0 -
McCall & 
Tevesz 1983 Enclosed bay ** - $*(v) - -
Bosence 1979 Open Bay ** - * ** - *
Hertweck '71 Open marine ** - - ** - -
Cadee 1984 Open marine ** * - - 0 m -
Carthew & 
Bosence '86 Open marine * * * 0 - 0 - -
to;
* * * ,  Very important factor in causing differences between thanatocoenosis and biocoenosis, 
* * ,  Moderately important factor,
* ,  Minor factor,
0, Factor considered to be of l i t t l e  or no importance,
- ,  Factor not discussed in paper,
(v) ,  Vertical transport, by bioturbation.
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The following conclusions can be drawn from the work 
listed in Table 5.1:
1) The decay of soft bodied organisms accounts for a loss of 
between 99% and 50% of the species found in the living 
c ommunity or biocoenosis.
2) The death assemblage or thanatocoenosis always has a 
higher diversity than the recorded live " preservable" fauna.
The degree to which thanatocoenosis are similar to 
biocoenosis varies from environment to environment 
(MacDonald 1976). In protected, shallow-water environments  
the correspondence of living preservable fauna and death 
assemblages was found to be good by: Johnson (1969) and
Warme (1968) with the relative proportions of the living 
species abundances corresponding close to the abundances of 
the dead assemblage. In offshore regions the correspondence  
is not so precise (Cadee 1968, Hertweck 1971). Hertweck
(1971) is the only worker who has found some correlation 
between the relative abundances of live and dead faunas. The 
greatest discrepancy between the thanatocoenosis and 
biocoenosis is found in the intertidal and estuarine 
environment (Wilson 1967, Antia 1977, Schopf 1979).
Not all the work in Table 5.1 tried to account for the 
differences between the thanatocoenosis and the biocoenosis. 
The results of those workers who did are listed in Table 
5.2 with a summary of the conclusions they found. Their 
results can be summarised into four different groupings;
1) Differences considered to be due to p o stmortem transport 
or degradation , ie; lateral transport by currents and wave 
activity, vertical (by bioturbation), predation, bioerosion, 
dissolution and mechanical abrasion.
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Antia (1977), Hertweck (1971), Cadee (I960) and Wilson 
(1967) all found that death assemblages were only 
s i g nificantly modified by transport in the sh a l l o w 
sublittoral and littoral zone. On the beaches of the Georgia 
Coast, Ddrjes et al (1986) and Frey & Ddrjes (in press) 
r e c ognised molluscs from a variety of environments 
including; inner shelf, estuaries and beaches on the strand 
line. This sorting by wave activity had resulted in a right- 
left valve sorting (Frey & Henderson 1987). Henderson & Frey 
(1986) observed shells from inner continental shelf in 
estuarine shell deposits on beaches the southeastern United 
States. In contrast, the tidal flats along the northern
Gulf coast of California, the death assemblages reflect the 
living populations to such an extent that zonation patterns 
may be preserved (Fürsich & Flessa 1987). Transport of 
shells on beaches is not confined to hydrological processes, 
bird predation and hermit crabs can transport and modify
shell accumulations (Frey 1987) and also the taphonomic
history of the occupied shell (Walker 1988). Elmore et al 
(1979) recorded offshore transport of shells which 
originated from the inner continental shelf of the 
s o u t heastern United States to a site 5 00km away in water
5 , 0 0 0 m  deep. Similarly Pilkey & Curran (1988) have suggested 
that while onshore shell displacement along the southeastern  
U.S.A. are less than 10km, offshore displacement is in the 
order of 500km.
Dissolution was considered important in m o d i fying the 
death assemblage by Peterson (1976, 1982) who quantified the
amount of dissolution by measuring the half life of 
different species of shells. In open marine waters 
dissolution is not considered important as the sea water is 
normally supersaturated in respect to calcium carbonate 
(Wilson 1982). However, in some certain areas, such as the 
Skagerrak between Denmark and Norway solution plays an 
important role in the destruction of shelly material
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(Alexandersson 1972, 1975, 1979). D issolution also tends to
be extensive in highly bioturbated organic-rich fine 
sediments. In Long Island Sound c a lcium carbonate 
dissolution is 7 mg/cm^Vyr. which is equal to net calcium 
c arbonate production (Aller 1982). In the open marine 
environment shell dissolution becomes important at depths 
g reater than 5 0 0 m  for aragonite and 2 000m for calcite in the 
Atlantic Ocean (Leeder 1982).
2) Changes in environmental conditions are another factor 
which will cause a poor correlation between live and dead 
assemblages. Such changes may be as subtle as a slight 
change in substrate type (Powell et al 1982) or larger, such 
as the change from the littoral to sublittoral (Cadee 
1984). Changes need not be purely due to external factors 
but biologically induced changes such as insitu shell 
accumulation, a process described by Kidwell & Jablonski 
(1983) as taphonomic feedback.
3) D ifferences due to fluctuating community structure and 
the time span for the accumulating assemblage. Benthic 
s amp l i n g  equipment covers only a small area and in most 
samples only the commonest species may be recorded together 
with a small number of the many possible rare species which 
live in the area. Many species have a patchy distribution 
and depending whether that patch is sampled or not the live 
data may be biassed with an over or under representation of 
that species. Also, most benthic species have reproduction 
cycles which involve seasonal spat-falls. After a successful 
spat-fall that species will be common (see Powell et al 
1984, 1986) but if unsuccessful that species may be absent 
for several seasons. The death assemblage is an "average" of 
all these temporal fluctuations and so has been refereed to 
as; time a veraged (see Peterson 1977) .
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Virtually all the workers listed in Table 5,2 considered 
t ime-averaging to be the dominant factor in accounting for 
the higher diversity in the death assemblage than live. Most 
studies compare the death assemblage from one sampling
programme to a live population collected at the same time 
(see Table 5.3), The existence of time averaging can be best 
d e m o nstrated by sampling programmes with repeated sampling 
at. the same station over a substantial time period (see 
Table 5.3). Peterson (1976) showed h o w  the diversity of a
live mollusc population in a Cal i f o r n i a n  coastal lagoon 
approached with an increasing number of samples taken over a 
three year period the diversity of the death assemblage, 
C a r t h e w  and Bosence (1985) d emonstrated the same for 
mo l luscan communities over a one-hundred year period of 
sa mpling of the English Channel by various workers. Powell 
et al (1982) showed that whilst the live population of a 
lagoon fluctuated over a 6 month period the death assemblage 
diversity remained constant.
4) Differences due to the decay of soft body organisms.
The breakdown of the articulated skeletons of fish,
ophiuroids etc, will all deplete the amount of information 
in the death assemblage because if evidence of their
existence is found it will be hard to quantify.
183
Table 5.3; List of publications comparing biocoenosis with 
thanatocoenosis showing the small number of repeated surveys of the live 
and dead material actuallv undertaken.









Smith 1931 Open Marine 1 1 -
Johnson 1965 Lagoon 1 1 -
Wilson 1967 Estuary 1 1 -
Cadee 1969 Enclosed bay 1 1 -
Warme ' 1969 Lagoon 1 1 -
Antia 1977 Mud flat 1 1 -
Stanton 1976 Open marine 1 1 -
Bosence 1979 Open bay 1 1 -
Peterson 1976 Lagoon 10 1 3. 1
Carthew & 
Bosence 1986 Open marine 9 1 96.0
Warme et al 1976 Lagoon 2 2 0.3
Powell et al. '76 Lagoon 6 6 0.5
McCall & 
Tevesz 1983 Open marine 3 3 3.0
PRESENT STUDY Open Bay 3 1 18.0
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The four reasons listed above causing the differences 
between live and death assemblages are only early taphonomic 
processes in a long line of processes which will act upon 
the potential fossil assemblage to reduce the amount of 
information to the p a l a e o e c o l o g i s t , such factors include 
diagenesis, collector bias, and m u s e u m  curation are reviewed 
in Behrensmeyer & Kidwell (1985).
This study will follow the lines of the studies in Table 
5. 1, 5.2 and 5.3 but in addition extends the study to 
include the material of less than 2mm (described as the 
"micro d e a t h - a s s e m b l a g e " ) as well as the material greater 
than 2mm (the "macro d e a t h - a s s e m b l a g e " ). This supplies 
evidence for dead material of the echinoids and ophiuroids, 
a group largely ignored by previous workers. The taphonomic 
processes will also be analysed. This survey compares the 
d i s t ribution of the death assemblage with the three live 
surveys taken over an eighteen year period. Multivariate  
statistics will be used to sh o w  h o w  well communities can be 
recognised and to compare the biocoenosis with the 
thanatocoenosis. This study has the benefit of previous work 
on the live fauna of the area and is unique because of a 
detailed record of sedimentation is available (Table 5.3).
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2) Methods
The majority of the large dead shelly material consists 
of mollusc shells which were c o l l ected from the same dredge, 
box core and vibrocore samples as the living fauna and 
sediment samples. The station numbers, therefore, correspond
to the sediment and living fauna stations. After the live 
sample had been separated from the rest of the sieved
material, cleaned and individual mollusc shells were sorted
and counted. For all but the gravel stations, the entire
dredge sample was picked for shells but in the gravels, a 
one litre s u b-sample was collected and only this was picked. 
This is due simply to the sheer number of shells in a 
c omplete dredge sample (approximately 50,000), To prevent 
the fragments of a broken shell being counted as more than 
one individual, only fragments which were identifiable and 
contained the umbo of a bivalve or the apex of a gastropod 
were counted. As each bivalve is represented by two 
individuals shells, the total number of bivalve shells were 
halved. The number of barnacle plates and other arthropod 
fragments was recorded together with any vertebrate remains. 
Shells were collected by hand from the beaches over a Im^' 
area of the strand line. The sieved sediment samples 
described in Chapter 2 were used for the micro death- 
assemblage analysis.
Di s t r i b u t i o n  maps (Appendix 2, Figures A 1 - A 6 7 )  were drawn 
up for each taxa and the first analysis of the distribution 
of the individual taxa and comparison with the live fauna 
was a visual assessment of these maps. In Chapter 3? the 
r e sults of various m ultivariate statistical programs were 
run on the data from the live fauna and were also used on 
the death assemblage data.
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lib le . LAI. Comparison e l ih fi. d is M b u lia n  a l diâd molluscs io. Ihe. liv ing molluscs found 





i i .  a l  M  clean s i M  iJ
Distribution reflects liv ing population of 1985/6, 
Distribution reflects liv ing population of 1985/6, 
Slightly more widespread than living population of 1985/6
Lining, mol luscs characteristic o i  Iba muddy sand
Tellina fabula 
Spisula elliptica
Distribution reflects liv ing population of 1985/6 










iL al iM sill
Considerably more widespread, found across whole bay 
Large numbers of dead, confined to s lightly  clay waste, good 
correlation to living population 
Good correlation with living population
Much larger numbers than liv ing population and more spread (but 
not found close inshore)










a l  ihfi. gravai
Slightly more widespread 
Similar distribution  
Similar distribution  
Similar distribution  
Slightly more widespread.
Living found in  more ihm . sms. iM ii community:
Nontacuta ferruginosa 







Similar distribution  
Similar distribution  
Similar distribution  
Similar distribution  
Similar distribution  
Similar distribution  
Similar distribution  
Much more widespread





Venus ova ta 
Lutraria sp.
More widespread, in muds, sands and gravels. 
More widespread, in gravels and muds 
Found in sandy muds and gravels 
Widespread in muds, sands and gravels,
Very common, especially in the gravels. 
Widespread, found in gravels and muds.
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Nassarius reticuiatus Dead shells found in muds and gravels
Eu lima trifascia ta Dead shells found in the muds
fictaeon tornatilis 
Scaphander lignarius
Cylichna cylindracea Dead shells widespread.
Natica alderi Dead shells widespread.












Prca lac tea 
fire a tetragona 
Cochlodesma praetenue






















2 1 -5 0 21—50
51 -10 0 5 1 -1 0 0
. F o u r  of the s t a t i o n s  In the d e a d  s u r v e y  are 
i l l u s t r a t e d  as squares. T h i s  is b e c a u s e  t hese s t a t i o n s  were 
s u b s a m p l e d  for d e a d  material, o n l y  o ne l i t r e  of s h e l l s  were 





Figure 5.1: Map s h o w i n g  the number of mollusc species found at
each st a t i o n  for both the live fauna survey and death 
assem b l a g e  survey in 1985/6. In general, there are more 
sp ecies in the d e a t h  assem b l a g e  sa m p l e s  than the live 
assem b l a g e  (the gravel stati o n s  in the map for the death 
a s s e m b l a g e  are sq u a r e s  because only one litre sub - s a m p l e s  were 
an alysed as o p posed to the wh o l e  sample (cf, 45 litres) for
the other samples.
3) Distribution of dead skeletal material in Mevagissev Bay
The d i s t r i b u t i o n  of individual taxa were a n a l y s e d  
c o m p a r i n g  d i s t r i b u t i o n  maps of the a b u n d a n c e  of individual  
sp ecies of the death a s s e m b l a g e  to the d i s t r i b u t i o n  of live 
fauna in this s tudy and that u n d e r t a k e n  in 1968 by Howell & 
S h e l t o n  (1970) and in 1971 ^by Probert (1973). A su m m a r y  of 
the r e s ults is g i v e n  in T a b l e  5.4 and only the s p e cies with  
a s i g n i f i c a n t l y  different d i s t r i b u t i o n  are d i s c u s s e d  below.
E n s i s  sp. (Figure A61);
The dead shells of E n s i s  sp. have a s l i g h t l y  wider 
d i s t r i b u t i o n  than the l i v i n g  p o p u l a t i o n  of 1985/6 with 
shells r e c o v e r e d  close to the shell sands in the south. 
This r eflects the live o c c u r r e n c e  of this s p e cies in the 
south in 1968 by Howell & Sh e l t o n  (1970).
N u c u l a  turgida (Figure A31);
The dead p o p u l a t i o n  of N u c u l a  turgida is c o n s i d e r a b l y  more 
w i d e s p r e a d  than the living p o p u l a t i o n s  of 1985/6, The 
d i s t r i b u t i o n  of the shells more c l o s e l y  refle c t s  a much 
wider d i s t r i b u t i o n  of this species in 1968 (Howell & 
S h e l t o n  1970) and Probert (1973). As N. turgida is a deposit 
feeder, its past o c c u r r e n c e  may be a r e f l e c t i o n  of the 
higher mud content close inshore in 1968 as r e c o r d e d  by 
P o r t m a n n  (1970).
A b r a  alba (Figure A54);
Abra alba is the most comm o n  dead taxa element in some 
s a mples f r o m  the muddy s u b s t r a t e s  and its live d i s t r i b u t i o n  
is c o n f i n e d  largely to the mud substrates.
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Corbula g i b b a  (A62);
C o rbula g i b b a  was not r e c o r d e d  in 1968 (Howell & She l t o n  
1970) and only in small n u m bers in 1970 (Probert 1973) and 
in 1985/6. The large number of dead i n d i v i d u a l s  is therefore 
quite s u r p r i s i n g  and may record a past s u c cessful spatfall.
M y t i l u s  e d u l i s  (Figure A32) (and P a t e l l a  sp (Figure A24) and 
b a r n a c l e s .
T hese rocky s u b s t r a t e  e p i f a u n a  were not found living in
the s u r veys of the soft substrates. Dead material, 
however, is common in some of the sam p l e s  close to P e n t e w a n  
Beach. The rocks in the littoral zone have a good mussel, 
limpet and b a r n a c l e  p o p u l a t i o n  (seen on visits to M e v a g i s s e y  
Bay in J u l y  1986 and 1987) and the material prob a b l y 
o r iginates fro m  these and some s u b l i ttoral rocks.
Turritella c o m m u n i s  (Figure A18);
The dead Tu r r i t e l l a  c o m m u n i s  shells pen e t r a t e  sha l l o w e r  
waters than the live p o p u l a t i o n  of 1985/6 but this refle c t s  
the d i s t r i b u t i o n  of T, c o m m u n i s  in the earlier surveys.
D e n t a l i u m  e n t a l i s (Figure A29) ;
This s c a p h o p o d  was only found dead at the gravel s t ation
1.06. This could be a r e f l e c t i o n  of an overall de c l i n e  in 
these sp e c i e s  for the whole of the E n g l i s h  Channel as 
r ecorded by Holme (1966).
In general all the m o l l u s c a n  taxa spe c i e s  found in the 
living c o m m u n i t y  or b i o c o e n o s i s  are found in the death 
a ssem b l a g e  or t h a n a t o c o e n o s i s  w h ich agrees with the 
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much wider o c c u r r e n c e  In the t h a n a t o coenosis than their 
reco r d e d  d i s t r i b u t i o n  in the bioc o e n o s i s  of 1985/6 (Chapter 
3 ) but this could be r e l ated to the d i s t r i b u t i o n  of these 
s pecies in the earlier surveys of 1971 (Probert 1973) and 
I960 (Howell & Sh e l t o n  19^66) (eg; Corbula gibba, Venus 
s t r l a t u l a  and Nuc u l a  turgida) ,
4) Da t a  e x p l o r a t i o n  for the dead shelly material
and compa r i s o n  with the living c o m m u nities
As for the live fauna data and the data from Pro b e r t ' s  
(1973) survey and Howell & She l t o n ' s  (1970) the data for the 
dead assem b l a g e  was s u b j e c t e d  to c o m b i n e d  PGA and MDS (see 
A ppendix (1). It was shown that tests using the data for 
the dead taxa, the stat i o n s  fell into similar c lusters than 
for the live c o m m u n i t i e s  (Figure 5.3a,b), In the case of the 
gravel, c o m m u n i t y  d i s t i n c t i o n  was clearer for the death 
assemblage than the live communities, The two silt 
s ub c o m m u n i t i e s  are distinct from the other c o m m u n i t i e s  but 
they did s h o w  a large degree of overlap. This is due to the 
large num b e r  of common species such as C u l t e l l u s  p e l l u c i d u s  
and Abra alba. The o v erlap is more extreme in the death 
a s s e m b l a g e  for the two s u b c o m m u n i t i e s  than the live 
a s s e m b l a g e s  because of the loss of E d w a r d s i a  c a l l i morpha 
which c o n t r i b u t e d  s i g n i f i c a n t l y  to the d i s t i n c t i o n  of the 
two living subcommunities. This species, however, does leave 
a distinct trace which may be p r e s e r v a b l e  in the fossil 
r ecord (see C h a p t e r  6). Similar s t u dies from other 
e n v i r o n m e n t s  have also shown h o w  different live c o m m u n i t i e s 
can be i d entified from the death a s s e m b l a g e  (see Table 5.2). 
This was done either by simple c o m p a r i s o n  between the live 
and dead faunas (Cadee 1968) or by m u l t i v a r i a t e  statistical 
analysis (Warme et al 1976, Bo s e n c e  1979, C a r t h e w  and 
B o sence 1986).
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The thana t o c o e n o s i s  for each community, however, differs 
c o n s i d e r a b l y  from the living comm u n i t y  or biocoenosis. In 
all the c o m m u n i t i e s  the loss of soft tissue organisms, 
namely the p o l y c h a e t e s  and in some the coelenterate, 
Ed w a r d s i a  c a l l i m o r p h a  c o n t r i b u t e d  s i g n i f i c a n t l y  to the 
observed differences. Also lost in the m a c r o c o m m u n i t y  were 
the s p ecies which have^ a c a l c a r e o u s  skel e t o n  which 
di s a r t i c u l a t e s  rapidly after death. This is p a r t i c u l a r l y  
important in the silt c o m m u n i t i e s  w h i c h  are d o m i n a t e d  by 
A m p h i u r a  filiformis. After death, the ossi c l e s  d i s a r t i c u l a t e  
and so are never found as part of the macrofauna. Dead 
c o m p l e t e  tests of Echi n o c a r d i  urn c o r d a tum were also very 
rare, only in one samp l e  was a half c o m p l e t e  test (Station
1.03) recovered. In all the other sa m p l e s  the p r e s e n c e  of 
E. c o r d a t u m  was i n d i cated by individual plates or fragments 
c o n s i s t i n g  of no more than three plates. Staff et al (1985) 
in r e v i e w i n g  a c o n s i d e r a b l e  number of mar i n e  benthic surveys 
di s c o v e r e d  that in forty two of the sixty surveys 
c o n s i d e r e d  less than 40% of the p o p u l a t i o n  (by numerical 
abundance) was " p o t e n t i a l l y  preservable".
The number of sp e c i e s  found in each station in the 
thana t o c o e n o s i s  (Figure 5.1) shows a general increase from 
the shore to the outer limits of the bay, this is similar to 
the bio c o e n o s i s  and sugg e s t s  a crude s i m i l a r i t y  with the 
t h a n a t o c o e n o s i s .
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Figure 5*3a: Principal components analysis combined witn
m u l tidimensional scaling plots for the dead material collected 
in 1985/6 (log scaling, see A p pendix 1>.
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17 = 2,10, 18 = 2.11, 19 = 2.12, 20 = 3.01, 21 = 3,02, 22 = 3.03, 23 = 3.04, 24 = 3.05, 25 =
3.06, 26 = 3.07, 27 = 3.08, 28 = 3.09, 29 = 3,10, 30 = 3,11, 31 = 3,12, 32 = 4.01, 33 = 4.02,
34 = 4,03, 35 = 4,04, 36 = 4,05, 37 = 4.06, 38 = 4.07, 39 = 5.03.
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Figure .5^ *3 b: Principal components analysis combined with
multidimensional scaling plots for the dead shelly material
collected in 1985/6 (0-1 scaling, see Appendix 1).
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2,01, 9 = 2,02, 10 = 2,03, 11 = 2.04, 12 = 2,05, 13 = 2,06, 14 = 2,07, 15 = 2,08, 16 = 2,09,
17 = 2,10, 18 = 2,11, 19 = 2,12, 20 = 3,01, 21 = 3,02, 22 = 3,03, 23 = 3,04, 24 = 3,05, 25 =
3,06, 26 = 3,07, 27 = 3,08, 28 = 3,09, 29 = 3,10, 30 = 3,11, 31 = 3,12, 32 = 4,01, 33 = 4,02,
34 = 4,03, 35 = 4,04, 36 = 4,05, 37 = 4,06, 38 = 4,07,,
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4a) The Clean sand community (Plate 5.1): macro death-
assemblage
4ai) Biocoenosis and thanatocoenosis
In the present study the term; macro d e a t h - a s s e m b l a g e  
refers to all the material greater than 2 m m  and sampled with 
the dredge together with the live fauna.
The dead fauna from the three s tations from this c o m m unity 
form a small cluster which falls within the field of the 
muddy sand death as s e m b l a g e  in m u l t i v a r i a t e  plots (Figure
5.3). This is p robably due to number of species common in 
both death asse m b l a g e s  such as M y t i l u s  edulis and Pa t e l l a  
sp. Of all the death assemblages, this had the least number 
of shells in each sample, with a mean of around 100 shells 
per sample.
Ta b l e  5.5: C o m p a r i s o n  of the top twelve species in the
bi ocoenosis of the Clean Sand com m u n i t y  to the 
th a n atocoenosis of this communi ty . The f Igures are the mean 
o c c urrence of that species per station per dredge in that 
communi t y . Species which are c l ass!fled as p r e s e rvable In 
the b iocoenosis are u n d erlined and shells that are 
c o n sidered a u t o c h t h o n o u s  (from their known ecology) in the 
thanatocoenosis are u n d e r l i n e d .
Biocoenosis Mean Thanatocoenosis Mean
1 ) leUlns isiiuii 27.3 l )  Individual barnacle plates 21,0
2) Donax vittatus 3.3 2) Mvtilus edulis 14,0
^)âhLààlM 2,3 3) nangelia atténua ta 10,0
4) Nereis sp 2.1 4) /Nucula turgida 7,0
5) Nephtyssp 4,0 5) Patella sp_. 4,0
6) Echinocardium cordatum 0.6 6) Pnostia ephippiusi 1,6
6) Ophiura textura 0,6 7) Pbra alba 1,3
EnsJlsa 0,6 8) Spisula elliptica 1,0
7) Ovenia fusiforsiis 0,3 9) i'enus striatula 0,7
7) V.enui siLLaiuIi 0,3 lO) Notirus irus 0.3
7) tfactra corallina 0.3 11) liontacuta ferruginosa 0,3
7) Olycera sp, 0,3 12) Tellina tenuis 0,3
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The dead faunas were c o l lected from the same dredge 
s amples as the live faunas. In the clean sand there are six 
p r e s e r v a b l e  s p e cies in the bioc o e n o s i s  (see Table 5.5), five 
of which are found in the thanatocoenosis. They are not, 
however, the c o m m onest members of the thanatocoenosis, as 
barnacles, M y t i l u s  edulis and Pa t ella sp. form three of the 
top five taxa. N u c u l a  turgida is common but was not found in 
the present day biocoenosis. It was, however, reco r d e d  
l iving in this area in both I960 (Howell & S h elton 1970) 
when higher mud levels were reco r d e d  and 1971 (Probert 
1973). The g a s t r o p o d  M a n g e l i a  att e n u a t e  is the third 
commonest element in the thanatocoenosis. This is due to a 
high occurrence of this species in the death a s s e m b l a g e  at 
Station 3.02 but it never been reco r d e d  alive in the bay. 
Dead taxa which are attri b u t e d  to s p e cies found living in 
this community are D o n a x  vittatus^ Venus str i a t u l a and 
Tellina tenuis. The latter, however, is very poorly 
r e p r e sented in the macro d e a t h - a s s e m b l a g e  despite it being 
the commonest species in the biocoenosis.
The most likely sou r c e  area for the a l l o c h t h o n o u s  material 
(.Mytilus edulis, barnacles, Pa t e l l a  sp, Am m o n i a  ephippium') 
are the s u r r o u n d i n g  cliffs and reefs between Chapel Point 
and Black Head where these epifaunal taxa have been observed 
living in high numbers.
Death ass e m b l a g e s  d o m i nated by a l l o c h t h o n o u s  material are 
common in high energy, s h a l l o w  water env i r o n m e n t s  (Cadee 
1968, Hertweck 1971, B o sence 1979a and Wilson 1982). 
Wils o n  1967, s t u died a tidal-flat where transport in 
m e a n d e r i n g  river c h a n n e l s  caused dramatic changes in the 
c o m p o s i t i o n  of the death a s s e m b l a g e  from the living 
communities. The transport of shells of Mac t r a  corallina 
was co n s i d e r e d  by T r e w i n  & Welsh (1972) and Bre n c h l e y  & 
Newall (1970) who obse r v e d  that shells on sandy substrate
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were more easily tran s p o r t e d  than shells on a silty 
substrate.
The physical transport of she l l y  material ap p e a r s  to be 
the main factor c a u s i n g  d i f f e r e n c e s  b e tween the b i o c o e n o s i s  
and t h a n a t o c o e n o s i s  but the e x i s t e n c e  of Nu c u l a  turgida in 
the t h a n a t o c o e n o s i s  is a r e f l e c t i o n  of the past o c c u r r e n c e  
of this species. This may be a r e s p o n s e  to the cha n g e  in 
substrate. "Time averaging" is»*» o c c u r r i n g  within this area. 
The shell b r e a k d o w n  p r o c e s s e s  will be d i s c u s s e d  in se c t i o n
4-ai i i .
4aii) M icro d e a t h - a s s e m b l a g e  of the clean sand c o m m u n i t y .
T he pr o p o r t i o n  of biogenic c a r b o n a t e  in this sediment is 
very small. The total c a r b o n a t e  content (based on numerical 
a b u n d a n c e  (see C h a p t e r  2) is only 0.21%. The i d e n t i f i a b l e  
g r o u p s  within this c a r b o n a t e  is shown in T able 5.7 and 5. 8£l 
The b i o c lasts are d o m i n a t e d  by b i v a l v e s  and b a r n a c l e s  with 
minor amounts of e c h i n o i d  material, c o n s i s t i n g  of plates and 
spines of E c h i n o c a r d i u m  c o r d a t u m  and s e r p u l i d  fragments.
Table 5.7; Composition of the bioclastic material from the sieve 
sediment samples from the clean sand community.
N = 165
-2 -1 0 + 1 +2
Bivalves 100.0 40.0 63.Ô 44.4 100.0
Echinoderms - - 5.6 - -
Serpulids - - 5.6 - -
Barnacles 60.0 25.0 55.6
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T a b l e  5. 6a Species c o m p o sition of i d e n t if iable 






M y t i l u s  edulis 0 0 56.5
D o n a x  vittatus 100. 0 0 0
Venus stria tula 0 0 8. 7
Ano m i a  sp. 0 50. 0 8. 7
Abr a  alba 0 50.0 8.7
Unidentif ied 0 0 17.4
The coarse c a r bonate (-1 and -2 phi) of the clean sand
community is dominated by fragments of M y t i l u s  edulis
(easily recog n i s e d  by the purple colour). This corresponds 
to its abundance the macro d e a t h - a s s e m b l a g e  and together 
with barnacle plates are both are found living in the rocky 
cliffs and reefs around the bay.
The a u t o c h thonous bioclastic material was; D o n a x
vittatus, Venus s t r i atula and e c h i n o d e r m  fragments. Tellina 
tenuis, however, as in the macro death-assemblage^ is not
identifiable in the micro death-assemblage,
A palaeoecologist s t u d y i n g  a preserved example of the 
skeletal material of this a s s emblage would have some 
e vidence from the micro death assem b l a g e  of the existence of 
Echinocardi um c o r d a t u m in the b iocoenosis but would not 
a p p reciate h o w  common Tellina tenuis was. A nalysis of the 
micro death assem b l a g e  provides no n e w  i n formation on the 
m o l l u s c a n  species of this c o m munity but the close 
c o r r e s p o n d e n c e  to the mol l u s c a n  macro and micro death- 
a s s emblage s u ggests the shell break down processes are 
o ccurring in s i t u . The existence of Echinocardi um cordatum, 
however, may be indicated by the traces left in the 
s e d i m e n t .
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4aiii) Shell break down
The majo r i t y  of the shells and smaller bioclasts from the 
clean sand c o m m unity were rounded and abraded (see Plate 
5.9). The sed i m e n t s  here are clean quartz sands which are 
c o n stantly rewo r k e d  by wave and tidal currents. This is 
thought to abrade and round the shells and inhibit the 
settlement of endolithic algae and sponges.
A b rasion alth o u g h  not consi d e r e d  important by the authors 
in T able 5.2 has r eceived some a t t ention both by field 
o b s e r v a t i o n s  (Swinchatt 1965, Driscoll 1967, 1970) and
tumbling mill expe r i m e n t s  (Force 1969, Driscoll & Weltln 
1973). Fro m  experimental evidence Force (1967) c o nsidered 
that shells break down into three distinct size fractions 
c o n t r o l l e d  by the shell m i c r o s t r u c t u r e  (as r eviewed in 
K e n nedy et al 1969). The mechanical prope r t i e s  of shells are 
d is c u s s e d  in Taylor & Layman (1972) and c o mpared to echinoid 
test properties in Curry (1975). A b r a s i o n  rate is highest in 
coarse subst r a t e s  (Driscoll 1967) but higher still in poorly 
sorted subst r a t e s  (Driscoll & Weltin 1973). Shell shape and 
size also control the rate at which shells break down 
(Ginsburg 1956, Taylor & Layman 1972). Smaller shells of 
M act r a  c o r a i l ina break more rapidly than larger ones (Trewin 
& Welsh 1972).
Shell d e s t r u c t i o n  by mechanical damage and a b rasion is 
c o nsidered by M i l l i m a n  (1969) to be only important in the 
intertidal surf and very s h a l l o w  s ublittoral zone. Here 
shell dest r u c t i o n  rates can be between 150 and 1000 times 
greater than in any other environment (Driscoll 1970), but 
only in the littoral zone will a brasion be sufficient to 
effect their c o mplete d e s t r u c t i o n  (Driscoll & Weltin 1973). 
Force (1967) co n s i d e r e d  mechanical b r e akdown in the natural 
environment must also be aided by biological processes such 
as bacterial decay of the organic matrix.
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Physical abrasion is thought to account for the almost 
complete loss of Tellina tenuis and Abra alba from this 
area. The shell of these species are very thin and fragile 
and so is probably rapidly broken down and abraded whilst 
the thicker and stronger valves of Venus stria tula can 
survive longer and so become relatively enriched in the 
death assemblage. All these bivalves appeared in this area 
after 1971 and the small number of shells present may also 
be a reflection of ‘ the short time period in which this 
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4b) The muddy sand Community (Plate: 5.2)
4bi) B i o c o e n o s i s  and thanat o c o e n o s i s
The dead material in the muddy sand c o m m u n i t y  forms a 
cluster which o v e r l a p s  the smaller cluster for the clean 
sand com m u n i t y  stations. This is probably because the death 
as semblages are dom i n a t e d  by the same exotic species 
(Mytilus edulis, Pa t e l l a  sp. and barn a c l e  plates).
The c u m u l a t i v e  curve (Figure 5.2) for this death 
as s e m b l a g e  does not level out and so the true div e r s i t y  
for this c o m m u n i t y  cannot be seen.
Of the five p r e s e r v a b l e  species in the bioc o e n o s i s  of the
muddy sand c o m m u n i t y  only three are found in the top twelve 
species of the thanatocoenosis. Venus strlatula^ the 
commonest live species is the third commonest member of the 
thanatocoenosis. As in the clean sand com m u n i t y  M y t i l u s  
e d u l i s  and b arnacle plates are also the commonest element in 
the t h a n a t o c o e n o s i s  (Figure 5.8b. Tellina fabula is the 
second commonest p r e s e r v a b l e  species in the b i o c o enosis but 
is only the twelfth commonest species in the
thanatocoenosis. C u l t e l l u s  pellucidus, the fourth commonest 
member of the b i o c oenosis is not found in the top twelve
taxa of the thanatocoenosis.
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Table 5.8b Comparison of the top twelve species in the 
biocoenosis in the muddv sand community to the 
Thanatocoenosis. The figures are the mean occurrence of that 
species per dredge per station in that community. Species 
which are classified as preservable in the biocoenosis are 
underlined and the allochthonous material in the 
thanatocoenosis are underlined.
Biocoenosis Mean Thanatocoenosis Mean
8.8 1) Individual. pialfi.s. 20.5
6.9 2) NylilMS s M lis 16.5
4.6 3) Venus s tr ia  tula 16,4
4.4 4) Spisula e llip t ic a 11.1
4.0 5) Thyasira flexuosa 10.3
3.8 6) Ea.tella 9.8
2.8 7) Nucula turgida 7.3
2.3 8) Hysella biden ta ta 7.1
1.6 9) Montacuta fer rugi nosa 7.1
1.0 10) Nassarius reticuJatus 6.8
0.9 11) f^nomia epfiippium 4.8
0.8 12) Tellina fabula 3.4
Venus 
L abidoplax d ig i ta ta 
Tellina fabula
Hcrocnida brachia ta




ID Ovenia fusiformis 
12) Dosinia lupinus
Table 5.9; Micro death assemblage of the sieved sediment samples from 
the muddy sand community.
N = cf; 2000
Phi -2 -1 0 + 1 +2
Bivalves 100.0 83. 1 61.0 51.5 51. 1
Gastropods - 3.7 6. 1 4.8 6. 1
Echinoderms - 1.9 11.0 18. 1 13.9
Ophiuroids - - 2. 13. 4 11.3
Foraminif era - - - 3.8 7.8
Ostracods - - 1.0 0.3 7.5
Coralline algae - - 0. 1 - 0.8
Sponges - - - - 0.9
Bryozoans - - 0.2 - 0.2
Holothurians - - - - 0. 1
Serpulids - - 1.4 0. 1 -
Barnacles - 11.3 17.2 8.0 0.4
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la J ili 6.101 Id M ilM  b îM lvA  and. gastropods fragments in  order o I  abundance (figures am  
a l  to la l b ioclastic  m alaria 1 I û l a a iti grain size)





1 phi N = 33 %
Mytilus edulis 30.6








Unidentified gastropods = 100%
0 phi N = 286














Turritel la communis 8.8
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Table; 5,10; continued,,,
+1 phi N = 526







+ I phi Gastropods, N = 40,
Unidentified 84,0 
Turritel la commun is 16,0
+2 phi N = 280
Unidentified thin shell fragments 60,0 
Unidentified gastropods 40.0
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4bii) The micro death-assemblage
The pr o p o r t i o n  of c a r b o n a t e  grains is no more than 1% of 
the total sediment. B i v a l v e s  co n t r i b u t e  100% (Table 5.9) of 
the total bioclast c o n t r i b u t i o n  in the -2 phi fraction but 
just over 5 0.0% in the 2 phi fraction. The i d e n t i f i a b l e 
bivalves fragments are listed in T a b l e  5.10.
Of the i d e n t i f i a b l e  fragments, M y t i l u s  edulis was the most 
common, foll o w e d  by Abra alba, Venus str i a t u l a  and Nucu l a  
turgida. The species which c h a r a c t e r i s e  the b i o c o enosis was 
Tellina fabula, which alth o u g h  a p p e a r i n g  in the r a n king for 
the fragments never forms a common element.
A n o m i a  e p h i p p i u m  is high in the r a n k i n g  of dead skeletal 
material. This s p ecies lives a t t a c h e d  to rocks and shells 
(Tebble 1966) and so prob a b l y  o r i g i n a t e d  from the nearby 
rocky cliffs and reefs but does not form a dominant element 
in the macro death assemblage. This is p r obably b e c ause it 
is too small and is fragile so often broken.
Both the macro and micro death a s s e m b l a g e s  are dom i n a t e d  
by transported species. In the finer fraction, however, 
e vid e n c e  for other benthic species are also observed. 
F o r a m i n i f e r a  and o s t r a c o d s  were o b s e r v e d  but e c h i n o d e r m  
material is also found. This was in the for m  of spines and 
r o u nded plates of E c h i n o c a r d i u m  c o r d a tum. O p h i u r o i d s  which 
occur live in very small numbers but for m  just under one 
fifth of the total c a r b o n a t e  grains in the 2 phi fractions. 
T h ere is also evid e n c e  for the holothurian, L a b i d o p l a x  
d igitata in the form of anchor shaped s c l e rites but they 
never occur in the same a b u ndance as do living i n d i viduals 
in the biocoenosis.
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4biii> Shell break down
The higher mud content of this sediment is a r e f l e c t i o n  of 
the reduced wave a c t i v i t y  in this area which has also 
r esulted in a r e d u c t i o n  in the amount of abras i o n  seen in 
the shells. In general they are less r o unded than the grains 
from the C l ean Sand C o m m u n i t y  and fragile p a r t icles or 
b i o c l a s t s  such as E c h i n o c a r d i u m  c o r d a t u m  plates are in
g r e a t e r  abundance. Abrasion, however, may account for the 
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4c) The silt community (Plates; 5,3)
4ci) B i o c o e n o s i s  and t h a n a t o coenosis
F r o m  the m u l t i v a r i a t e  statistical a n a l y s i s  (Figure 5.3) a 
broad cluster for the two silt s u b c o m m u n i t i e s  is p roduced  
which c l u s t e r s  these s tations from s t a t i o n s  from the other 
communities. The two s u b c o m m u n i t i e s  cannot be d i s t i n g u i s h e d  
as there is a large amount of o v e r l a p  due to the large 
n umber of common species.
F orty eight species are reco r d e d  f r o m  the death a s s e m b l a g e  
of the A m p h l u r a  f i l i f o r m l s s u b c o m m u n i t y  with between 
t hirteen and thirty five dead s p e cies r e t rieved f r o m  each 
sample. There were between thirty nine and six h u n d r e d  and 
sev e n t y  three i n d i viduals in each sample.
The Turritella c o m m u n i s  s u b c o m m u n i t y  has between fourteen 
and forty one s p ecies per station with forty six different 
sp e cies in total and between one h u n d r e d  and twenty and one 
thousand spe c i m e n s  per sample. The c u m u l a t i v e  curves (Figure
5.2) levels out at at above forty five species s u g g e s t i n g  
the major i t y  of the she l l y  species that have lived in this 
co m munity have been sampled. In the live fauna the total 
number of p r e s e r v a b l e  species was only twenty but a higher  
d i v e rsity for the death a s s e m b l a g e  has been recorded. In 
both subcommunities, Abra alba is abundant but in the 
Turritella c o m m u n i s  s u b c o m m u n i t y  the empty shells of T. 
c omm u n i s  are more abundant. The abu n d a n c e  of C u l t e l l u s  
pel 1 ucidus, N u c u l a  turgida and Thyasira flexuosa were common 
in both subcommunities.
In the A m p h i u r a  fi l i f o r m i s  s u b c o m m u n i t y  the commonest 
p r e s e r v a b l e  mollusc found in the b i o c o enosis are Venus 
s t r i a t u l a (Table 5.12) which is the third commonest member 
of the thanatocoenosis. The commonest member of the
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thanatocoenosis is the bivalve, Abra alba which is the 
eighth most common p r e s e r v a b l e  species in the biocoenosis. 
All the eight p r e s e r v a b l e  species in the b i o c o e n o s i s  are 
found in the th a n a t o c o e n o s i s  but in a s lightly different 
order of a b u n d a n c e  to the b i o c o enosis (see table 5.12).
A m p h i u r a  f i l i f o r m i s  is the commonest species of the 
b i o c o e n o s i s  but as the o ssicles are smaller than 2 m m  there 
is no trace of this species found in the m a c r o  death 
assemblage.
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T a b l e  5.11; C o m p a r i s o n  of the top twelve species in the 
b i o c oenosis in the A m p h i u r a  filiformis s u b c o m m u n l t v  to the 
t h a n a t o c o e n o s i s . The figures are the mean occur r e n c e  of that 
species per dredge per station f or each subcommunity. 
S p ecies which are classi f ied as shellv and e x p e c t e d  to be 
f ound in the macro death as s e m b l a g e  are underlined. 
A l l o c h t h o n o u s  material in the thana t o c o e n o s i s  is underlined.













38,8 1) Abra alba 146.2
7.6 2) Mysella bidentata 34.4
7.0 3) Venus striatula 22,1
7.0 4) Nucula turgida 20.5
6.6 5) Thyasira flexuosa 18,3
4.5 6) Cultellus pellucidus 15.3
4.1 7) Dosinia lupinus 12,0
4.0 8) Venus ova ta 10,8
3.8 9) Corbula gibba 10.7
3.6 10) M  barnacle plAie.sL 10,3
3.5 11) Turritella communis 8.5
2.7 12) Montacuta fer ruginosa 8.1
2.3 13) Tellina fabula 4.2
2.1 14) Nassarius reticulatus 3.6
T a b l e  5. 12; C o m p a r i s o n  of the top twelve species in the 
b i o c o enosis in the T urritella c o m m u n i s s u b c o m m u n l t v  with 
the t h a n a t o c o e n o s i s . The figures are the mean o c c u r r e n c e  of 
that species per st a t i o n  per dredge f or that subcommunltv. 
Species which are classif ied as shelly in the b i o c o enosis 
are under l i n e d  while a l l o c h t h o n o u s  material in the
t hanatocoenosis is u n d e r l i n e d .















L abidoplax digi ta ta 
Abra alba
73.6 1) Turritella communis 155.5
35.3 2) Venus striatula 129,5
13,9 3) Abra alba 58,4
8.2 4) Corbula gibba 49,0
4.1 5) Ind. barnacle plates 40,5
3.2 6) Thyasira flexuosa 42,0
2.3 7) Mysella bidentata 30,2
2.2 8) Nuclei turgida 23,2
2.1 9) Spisula elliptica 11.9
1.8 10) Montacuta ferruginosa 8.7
1.5 11) Nassarius reticula tus 8.7
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In the Turritella comm u n i s  s u b c o m m u n i t y  the most common 
pres e r v a b l e  s p e cies is Turritella c o m m u n i s  and this robust 
gastropod, as w ould be expected, is the commonest element in 
the thanatocoenosis. Abra alba, the third most common 
s p ecies in the b i o c o enosis forms the third most common 
element in the t h a n a t o coenosis and Thyasira flexuosa, the 
fourth commonest member of the b i o c o e n o s i s  is the fourth 
most c ommon mem b e r  of the thanatocoenosis. T here are, 
however, some n o table exceptions; Venus striatula, the 
second commonest member of the thana t o c o e n o s i s  is not found 
in the top twelve of the b i o c o e n o s i s  and C u l t e l l u s  
p e l l u c i d u s  the second commonest s helly species found in the 
bioc o e n o s i s  not found in the top twelve of the 
t h a n a t o c o e n o s i s .
4cii) The micro death as s e m b l a g e  of the silt c o m m u n i t i e s .
C a r b o n a t e  makes up between 2-3% of the sediment fro m  the 
area of this c o m m u n i t y  and is p a r t i c u l a r l y  common in all the 
grain sizes from -2 phi to +2 phi.
B i valves domin a t e  the coarser sizes c o m p r i s i n g  over 60% 
of the total car b o n a t e  material but in the +2 phi fraction 
only 37% of the total car b o n a t e  is bivalve in o rigin and a 
further 36% is c omposed of o p h i u r o i d  and e c h i n o d e r m  
fragments. F o r a m i n i f e r a  and ost r a c o d s  make a significant 
a p pearance in the 1 phi fraction.
In the A m p h i u r a  f i l i f o r m i s  and Turritella comm u n i s  
subcommunities, Abra alba is the commonest species in all 
but the 1 and 2 phi grades with Venus str i a t u l a and N uc u l a 
turgida p a r t i c u l a r l y  common. A large number of fragments are 
not i d e n tifiable but it appears that the c ommoner bivalves 
of the macro death a s s e m b l a g e  form the common elements in 
the micro death assemblage. The b i o c o enosis is d o m i nated by
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e c h i n oderms and their p r esence is ind i c a t e d  by the large 
numbers of o p h i u r o i d  ossi c l e s  and E c h i n o c a r d i u m  c o r d a t u m  
spines and s t e r e o m  fragments.
The bivalve m i cro a s semblage for both silt s u b c o m m u n i t i e s  
is very similar in a b u n dance and species distribution. The 
g a s t r o p o d s  population, however, did vary, with Turritella 
c o m m u n i s  and is more common in the T. c o m m u n i s s u b c o m m u n i t y  
where it forms up to 25% of the bioclast fraction.
In the Am p h i u r a  f i l i f o r m i s  subcommunity, the 
m a x i m u m  it forms is 6.0%.
In both s u b c o m m u n i t i e s  a l l o c h t h o n o u s  material comprises  
only a very small fraction of the whole bioclast assemblage. 
Thi s  is similar to o b s e r v a t i o n s  fro m  deeper water sites 
where shell transport is not c o n s i d e r e d  important; Holme 
(1961) and C a r t h e w  and B o s e n c e  (1966) sug g e s t e d  that 
transport was minimal and found no e vidence for large scale 
transport of shelly material in the En g l i s h  Channel. 
Transport was also c o n s i d e r e d  to be of only minor i m portance 
in e f f ecting the c o m p o s i t i o n  of the d e a t h - a s s e m b l a g e  in the 
sea around the west coast of S c o t l a n d  (Brown 1979).
The study of the micro as s e m b l a g e  therefore i ndicates the 
presence of other species p a r t i c u l a r l y  the op h i u r o i d s  and 
traces of holothurians. However, it does p r o vide us with no
n e w  data on the m olluscs in the biocoenosis. The s i m i l a r i t y
of the molluscs' macro and micro death a s s e m b l a g e  indicates 
that all the shells are being broken down in s i t u  with
little of no transport of shell fragments into or out of
this community.
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Table 5.13 Composition of carbonate grains in the Amphlura fill formls
N = 3657
-2 -1 0 + 1 +2
Bivalves 83.0 60Ù5 61.3 52.0 37.0
Gastropods 2.9 5.9 6.8 5.5 2,3
Echinoderms 3.5 13. 1 15.4 11,8 16,0
Ophiurpids - - 1.6 13.0 20,0
Foraminif era - - 0. 1 7.9 14,0
Ostracods - - - 2.2 7. 1
Coralline algae 4. 4 20.5 14.8 5.2 3.0
Holothurians - - - - 0. 1
Sponges - - - - 0. 1
Bryozoans — — — 0. 1 0.2
Table 5.14; Composition of 
subcommunltv
carbonate! grains in the Turrltell
N = 3444
-2 -1 0 + 1 +2
Bivalves 50.3 68.3 77,5 62.0 46.2
Gastropods 25.0 8. 5 3.4 16.0 2.6
Echinoderms 24.7 16.2 13,4 17.0 21. 1
Ophiuroids 0.2 0.5 2.5 8.4
Foraminifera - - - 0. 1 12. 1
Ostracods - - - 0.3 8.3
Coralline algae - 2.4 0, 8 - 0.3
Holothurians - - - - 0.4
Sponges - - - 0. 3 0. 1
Bryozoans - 0,3 - 0. 1 -
Serpulids - 0.6 - - 0.4
Barnacles - 3.4 4. 4 1.7 0. 1
Scaphopod - 0. 1 - — —
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b m M  a M  gastropods fragmaota. in iba. Mipîüiirà fili/arsiis 
in Olden ol abundance iiigur.ea aie. percentage oi total bioclastic material 
for that grain size)
-  2 phi, N = 37
Thin shell fragments 32,4
Abra alba 18.9
Venus striatula 10.8 9
Nucula turgida 8.1
Cultellus pellucidus 8.1




Gastropods, N = 3
Turritella communis 100.0
-  1 phi







Venus ova ta 1.8
Venus striatula 0.9
Corbula gibba 0.9
My rtea sp inifera 0.9
Thyasira flexuosa 0.9







0 phi N = 309
Abra alba 28,2
Unidentified shell fragments 26,9 











Juvenile Cardiums^ , 1.0
Ostrea edulis 0.6
Cultel lus pellucidus 0.3
Diplodon ta ro tunda ta 0,3
Solecurtus sp, 0.3






+ 1 phi N = 243





















+ 2 phi Amphiura / y / j /o rw/s  community
Bivalves N = 24
Shell fragments 79,2




Table 5.16: Identified bivalve ansi gastropods fragments in order oi abundance from ibn 
Turri t eliü simmmii s u b o o m u n i ty.. (Figures a m  Ibn percentage oi total bioclastic material 
iOL that grain size)












Turritella communis 81.8 
Natica alderi 9.1
Gibbula sp. 9.1
-1 phi. Bivalves, N = 247
Bivalves fragments 40,0 
Venus striatula 11,3 
Mysella bidentata 7.7 
Abra alba 7,3
Nucula turgida 6.9
Cultellus pellucidus 6.5 
Dosinia lupinus 4.0 
Thyasira flexuosa 3.6 
Anomia ephippium 2.8 
Chlamys sp. 2.4
Mactra coral Una 2.4 
Corbula gibba 2.4
Montacuta ferruginosa 1.2 
Cardiumsp, 1,2




Gastropods N = 51





0 phi Turritella communis N = 165









Chlamys fragments - 0.6
Gastropods, N = 100
Turritella communis 76.0
Unidentified 24.0
+ 1 phi Turritella communis Qomuwiiy N = 97







My ire a spinifera 1.1
Cultellus pellucidus 1.1
Thyasira flexuosa 1,1




4ciii) Shell break down
The principal m e t h o d  of shell b r e akdown in this area is by
fr a c t u r i n g  (Plate 5.4). Abrasion, leading to the r o u n d i n g  of
sand sized b i o clastic g rains is very rarely seen and micro-  
boring a l t h o u g h  present in some shell fragments is not 
thought to be of suffic i e n t  m a g n i t u d e  to be an important
factor in the bre a k d o w n  of b i oclastic material. The actual 
fr a c t u r i n g  p r o cess which could break the shells could either 
be biological in origin, ie; fish and c r u s t a c e a n  pre d a t i o n  
or by movement in the s u b s t r a t e  by pas s i n g  bur r o w e r s  or by
purely physical such as s t o r m  damage.
Shell d e s t r u c t i o n  by pre d a t i o n  and the effect on the 
fossil record is r e v i e w e d  by Car t e r  (1968) and Bishop 
(1975). Different s p ecies p r edate on shells in different
ways; a s t e roids such as A s t r o p e c t e n  i r r e g u l a r i s  can force 
the shells of a b i valve apart without b r e a k i n g  them (Jangoux 
1982) while some fish will take the s i p hons of infauna 
b ivalves and leave the valves undamaged. Other fish such as 
rays will crush the shells. N a t i c a  alderi drills a small 
round hole into the sides of the valve (Schëfer 1972, see
also B r o m l e y  1981) while some c r u s t a c e a n s  can break 
fragments of the shell le a v i n g  jagged edge (Schëfer 1972). 
E v i d e n c e  for both N a t i c a  alderi p r e d a t i o n  and cr u s t a c e a n  
damage m a rks were found in the silt community.
F r a g m e n t a t i o n  by b u r r o w i n g  org a n i s m s  such as E c h i n o c a r d i u m  
c o r d a t u m  may also be r e s p o n s i b l e  for shell breakage. As 
E c h i n o c a r d i u m  c o r d a t u m  m oves through the sediment at rates 
of up to 8 c m  an hour (Buchanan 1966) it seems likely that 
d uring the displa c e m e n t  of sediment by the echi n o i d  that any 
p a r t i c u l a r l y  thin shells such as Abra alba and Cul.tellus
p e l l u c i d u s  which are in the path of the e c h i n o d e r m  or any 
other large m o b i l e  infauna (eg C a l l i a n a s s i d  shrimps and 
large holothurians) will break as they are displaced. No
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record of this phe n o m e n a  has been found in the liter a t u r e  
and it could can only be proved to be important by 
experimentation.
Shell p r e d a t i o n  is cle a r l y  not c o n f i n e d  only to the silt 
s u b c o m m u n i t i e s  but its effect is most mark e d  here be c a u s e  
the frac t u r e  shells are not m o d i f i e d  or o b l i t e r a t e d  by 
a b r a s i o n  or microborings.
B r e a k a g e  of the shell by impact d u r i n g  storms is b e lieved  
to be insignificant. This is b e cause of the lack any hard 
s u b s t r a t e s  w h ich might break shells. T h ere is also no 
s e d i m e n t o l o g i c a l  evidence, such as g r ade beds p roduced by 
s t o r m  deposition. In conclusion, in the absence of p ositive  
evid e n c e  of s t o r m  damage and abrasion, together with the 
fact that shells are p r e s e r v e d  in their life habitat, it is 
b elieved that most of the shell f r a c t u r i n g  is by pre d a t i o n  
and b i o t u r b a t i o n .
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Plate 5.4; Shell fragments from the Amphiura fiJiforinis subcommunity. 
Shells appear fresh and are broken into angular fragments.
Plate 5.5; Shell fragments from the Gravel community. Shells are angular 
and microborings are common.
4d) The gravel community (Plates 5.6. 5.7.)
4di> B i o c o e n o s i s  and th a n a t o c o e n o s i s
The death a s s e m b l a g e s  for the stat i o n s  from the area of 
the gravel c o m m u n i t y  produced a M.D.S. cluster w hich was 
s e p a r a t e d  f r o m  the other 4 c o m m u n i t i e s  (Figure 5.3). The 
c l u ster was far more distinct than the living gravel 
c o m m u n i t y  was fr o m  the other l iving communities. This  
i nd i c a t e s  that the gravel communities' death a s s e m b l a g e  is 
very different .then the death a s s e m b l a g e s  for the other 
communities. This is prob a b l y  because of the higher 
d i v e r s i t y  of s p e cies found in the death assemblage. Seventy  
different dead species were r e c o r d e d  f r o m  the g r a v e l s  in 
total with b e t ween thirty seven and fifty five f r o m  one 
st a t i o n  and b e tween three h u ndred and over one thousand 
individual s p e c i m e n s  in others. Many of the species were 
c o m p a r a t i v e l y  rare with only one or two individual spe c i m e n s  
being found in the sample. This hi g h  div e r s i t y  is 
p a r t i c u l a r l y  sign i f i c a n t  because in the gravel samples only 
a one litre s ample of s hells was analysed, while in all the 
other c o m m u n i t i e s  a full 45 litre sample was analysed. As a 
su b - s a m p l e  of the gravel was taken the number of shells  
a ctually p r o c e s s e d  was the same as some of the n o n -gravel  
samples (around one thousand) and if a cu m u l a t i v e  curve of 
a b u n dance of taxa for each c o m m u n i t y  is c o n s t r u c t e d  (Figure
5.2) the curve levels at around se v e n t y  species, w hich is 
c o n s i d e r a b l y  higher than the other communities.
In Chapter 3, it was d i s c u s s e d  h o w  the living gravel 
c om m u n i t y  was hard to d i s t i n g u i s h  from the silt 
s u b c o m m u n i t i e s  (in p a r t i c u l a r  the T urritella c o m m u n i s  
subcommunity). This was b e cause of the c o m m o n  o c c u r r e n c e  of 
the fol l o w i n g  s p ecies in both communities; E d w a r d s i a  
callimorpha, M e l i n n a  palmata, Turritella c o m m u n i s  and Venus 
striatula. The higher d i v e r s i t y  of the death a s s e m b l a g e  for
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the gravel c o m m u n i t y  comp a r e d  to the silt comm u n i t i e s  
appears to cause the distinct and s e p a r a t e  c lusters for the 
stations fr o m  these communities.
All the p r e s e r v a b l e  live s p e cies were r ecorded in the 
m a cro death assemblage.
4
The four gravel stat i o n s  lie close together on the plot 
(figure 5.3) w hile in the live c o m m u n i t y  analysed they were 
more spr e a d  out. This sugg e s t s  that time a v e r a g i n g  is in 
o p e r a t i o n  as the death a s s e m b l a g e  r e p r e s e n t s  an av e r a g e  of 
what has been living in this c o m m u n i t y  over a long period 
of time. The four gravel stati o n s  have s i milar death 
assemblages, but the live a s s e m b l a g e  repre s e n t s  what was 
l iving there on the day of sampling. The high d i v e r s i t y  of 
the death as s e m b l a g e  is a r e f l e c t i o n  of high d i v e r s i t y  of 
the f l u c t u a t i n g  living c o m m u n i t y  but over a longer period of 
time. The four live s a mples therefore were very different 
but the death a s s e m b l a g e  has shown the that over a period of 
time the c o m m u n i t y  s t r u c t u r e  w o uld have been very similar.
The gravel c o m m u n i t y  has six shel l y  species in the 
b i o c o e n o s i s  of w hich the three most common; Turritella 
communis, Venus s t r i a t u l a  and C o rbula g i b b a  form the first, 
second and fourth c o m m onest element of the th a n a t o c o e n o s i s 
respectively. The other p r e s e r v a b l e  species in the 
b i o c o e n o s i s  are not found in the top twelve of the 
thanatocoenosis. In the top twelve the fol l o w i n g  s p e cies are 
typical of a gravel substrate; N u c u l a  hanleyi, C h l a m y s  sp. 
and D o s i n i a  exoleta (Tebble 1966).
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T a b l e  5. 17: C o m p a r i s o n  of the top twelve species in the
bioc o e n o s i s  in the Gravel communi tv with the
t h a n a t o c o e n o s i s . The figures are the me a n  o c c u r r e n c e  of that 
species per s t a t i o n  per d redge in that communi tv. Species 
which are classi fled as shellv in the b i o c o e n o s i s  are 
underlined.
Biocoenosis Mean Thanatocoenosis Mean
1) tielinna palmata 22,8 1) Turritella communis 210.0
2) Edvardsia callimorpha 14.0 2) Venus striatula 127.3
3) 11.3 3) Venus ova ta 52,3
4) Nsrois sp, 2.3 4) Corbula gibba 47,0
5) Labidoplax digitata 2.0 5) tlysella biden ta ta 32.0
6) 1.5 6) Nucula hanleyi 25,8
6) Cortula gibba 1.5 7) Lucinoma borealis 17.S
8) tiyrtea spini fera 1.0 8) Parvicardium ovale 17.0
8) Thyasira flexuosa 1.0 9) Nyrtea spinifera 15.5
10) listerias rubens 0.8 10) Nucula turgida 13,5
11) âhiÂ alba 0.8 11) Dentalium entalis 12.8
12) Ophiura albida 0.8 12) Chlamys sp. 11.8
12) Dosinia exoleta 11.8
Table 5.18: The micro death assemblage in the gravel community,
N = 4500
Phi -2 -1 0 + 1 +2
Bivalves 48.2 43.0 49.0 50.9 38.3
Gastropods 26,3 13.8 6. 8 7.8 7.4
Echinoderms 0.5 0.5 3.9 11.9 14,3
Ophiuroids - - 0.5 5. 1 5,7
Foraminifera - - - 0.3 9.2
Ostracods - - - 0. 4 8.4
Coralline algae 22.3 33.4 32.7 17.2 14.3
Holothurians - - - - 0,3
Bryozoans 0.5 - - 0. 1 0. 6
Serpulids 1.7 2.3 0.9 0.3 -
Barnacles 0.5 6.8 6.2 5.9 0.6
Scaphopod - 0.2 - - -
Crustacean - - - 0. 1 0.9
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lâ iîie . 5.19: I dentif ied bivalve a M  ga.5ti.Q0.od5 fragmeati. l a  iba. gr.a.v.el QO.ffiniiini.ty. la  order, 
o l abundance (figures, aie. percentage o l  total  bioclastic m aterial. ioL th a t giAiJi size)
-2 phi n = 74
Thick shell fragments 55,4
Venus striatula 8.1
Nucula hanleyi 6.8




Thin Shell fragments 1.4
Spisula elliptica 1.4











-1 phi N = 500


















Nassarius reticula tus 2.1
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0 phi N = 1000
Thin shell fragments 37,2





Ny sella biden ta ta 2.0
Venus ovata 1,4










+ 1 p h i  N = 650
Thin shell fragments 54,5

















Thin shell fragments 78,4
Thick shell fragments 11,8





4dii) Micro death assemblage
B i v a l v e s  c o m p r i s e  just under 50% of the total c a r bonate 
material in the gravel c o m m unity death assem b l a g e  but this 
q uant i t y  does not d e cline in the finer fractions as it does 
in the other substrates. G a s t r o p o d s  fo r m  over 25% of the -2 
phi fraction and over 80% of the g a s t r o p o d  fraction can be 
i d e n t i f i e d  as Turritella communis. The gravel is d o m inated 
by thick shell fragments which refle c t s  the shells of the 
live community. E c h i n o d e r m  f r a g ments produce a smaller 
p r o p o r t i o n  of the c o n t r i b u t i o n  of bioclastic material and 
the fragments consist not only of E c h i n o c a r d i u m  c o r d a tum but 
also fragments of the test of the f o l lowing regular 
echinoderms; E c h i n u s  s p . , P s a m m e c h i n u s  m i l i a r i s  and the 
s m a ller irregular species; E c h i n o c y a m u s  p u s i l lus.
C o r a l l i n e  algae form a sig n i f i c a n t  propo r t i o n  of the 
c ar b o n a t e  but the actual amounts found in each s t ation is 
h i g h l y  variable, in s t ation 2.07 they for m  over 8 0.0% of the 
total but in st a t i o n  1.06 no c o r a l l i n e  algae was recovered.
Of the i d e n t i f i a b l e  bivalve shell fragments Venus 
s t r i atula and N u c u l a  hanleyi were the most common with 
D o s i n i a  exoleta and C h l a m y s sp. third and fourth. These 
s pecies also for m  com m o n  elements in the macro death 
a ssem b l a g e  but their actual im p o r t a n c e  cannot be a ssessed 
because of the high p r o p o r t i o n  of u n i d e n t i f i a b l e  fragments.
The shell gravel m i cro death a s s e m b l a g e  i n d icates the 
former presence of the some species such as the echinoderms. 
The small p r o p o r t i o n s  of e c h i n o d e r m  fragments appears to be 
a r e f l e c t i o n  of the smaller p r o p o r t i o n  of this class in the 
biocoenosis. Similarly, there is a very small p r o p o r t i o n  of 
o p h i u r o i d  o ssicles wh i c h  reflect the low o c c u r r e n c e  of these 
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4 d i i i ) Shell break down
Many of the shells have Jagged edges s u g g e s t i n g  that the 
shells have been broken by predators or physical fracturing. 
A large p r o p o r t i o n  of shell fragments are also m i c r o b o r e d  by 
algae, sponges and fungus (Plate 5.5). Shell d e s t r u c t i o n  by 
m i c r o b o r e r s  is visu a l l y  most prevalent in physi c a l l y  
undi s t u r b e d  e n v i r o n m e n t s  (Force 1967, M i l l i m a n  1974) where 
there is low s e d i m e n t a t i o n  and pro l o n g e d  e xposure on the 
sea floor. N u m e r o u s  papers exist on this topic (see r e v i e w  
in Golubic et al 1975) D e s c r i p t i o n s  of m i c r o b o r i n g s  in 
temperate c a r b o n a t e  sed i m e n t s  around the coast of West 
Scotland are d i s c u s s e d  by Akpan & F a r r o w  (1984, 1985). The
effects of sponges is d i s c ussed by Young & N elson (1985 and 
refere n c e s  t h e r e i n ) .
M i c r o b o r i n g s  a l ready weaken the shells maki n g  them less 
resistant to physical a brasion while g a s t r o p o d s  and chitons 
g r a z i n g  on the fungi and algae will scrape the shell with 
their str o n g  radulae (Farrow & C l o k i e  1979).
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4e> The shell sand
A l t h o u g h  no dead or live faunal samples were taken from  
the shell sands in the south of the bay (Stations; 6.04, 
6.05, 6.07, 6.08, 6.09) the sediment samples were analysed
the same way as the m icro death a s s e m b l a g e s  f r o m  other 
samples.
The c a r b o n a t e  grai n s  w hich formed over 90% of the total 
sediment sample were c omposed m a i n l y  of bivalve fragments 
(Table 5.20) and cor a l l i n e  alga in the -2 and -1 phi 
fractions but the finer fractions were dom i n a t e d  by 
b arnacles which have been found to be a common component in 
ca r b onate sands e l s e w h e r e  in the Br i t i s h  Isles. This will 
be dis c u s s e d  further in Ch a p t e r  7.
Onl y  a small p e r c e n t a g e  of the shells fragments in the 
shell sands were i d e n t i f i a b l e  (Table 5.21). Of those that 
were, many were typical of a coa r s e  sand s u b s t r a t e  such as 
G l y c y m e r i s  g l y c y m e r i s  and Nu c u l a  hanleyi (Tebble 1966).
The grains in this s u b s t r a t e  wer e  often r o u nded with many 
showing e vidence of pre d a t i o n  and o c casional microborings.
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Table 5.21; Composition of carbonate grains from the shell sands in 
percentages
Phi -2 -1 0 + 1 +2
Bivalves 59. 1 35.2 47. 4 36.6 31.5
Gastropods 1.8 3. 6 5.9 8. 6 9. 1
Echinoderms - 3.6 4.8 3.9 5.0
Ophiuroids - - , - 1.3 1.1
Foraminifera - - - - 0.8
Ostracods - - - - 1.2
Coralline algae 36.6 43.0 11.3 3. 1 6.0
Bryozoans - - 1.0 3.0 1. 1
Serpulids 0. 6 - 1. 1 1.6 2. 1
Barnacles - 14.5 28.6 42. 1 42.0
Scaphopod 0. 6 1.1 1.6 2. 1
Table 5.22: Micro death assemblage for the shell sands.









Gibbula sp. 66. 7
Turritel la communis 33.3
-1 phi; Bivalves N=148
Unidentified 82.4
Anomia ephippium 9.5








Venerupis rhomboides 0. 7
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Anomia ephippium 7. 1
Dosinia sp. 4.3
Venus ovata 2.9













4f) The 111toral zone death assemblages (Plate 5.8).
A l t h o u g h  no living infauna were found (by d i g g i n g  pits 
b e l o w  the high water mark) on the beaches in M e v a g i s s e y  Bay, 
dead she l l y  material was found on the beaches. She l l s  were 
g e n e r a l l y  s p a r s e  and alth o u g h  s c a t t e r e d  over the beach 
s u r f a c e  they were c o n c e n t r a t e d  a long the strand line, the 
prev i o u s  high tide mark and in scours arou n d  the boulders of 
the d i l a p i d a t e d  breakw a t e r  of P e n t e w a n  harbour. S a m p l i n g  of 
this material was c o n f i n e d  to the str a n d  line. The results  
are g i v e n  in Ta b l e  5.23.
The a s s e m b l a g e  is d o m i n a t e d  by sp e c i e s  found living on the 
rocky cliffs and reefs such as P a t e l l a  sp. and M y t l l u s  
edulis. Many of the mu s s e l s  were bound together in clumps by 
their byssus threads. T hese clumps are p a r t i c u l a r l y  common 
on P e n t e w a n  beach, the largest c l ump c o n s i s t i n g  of thirty 
i n d i v i d u a l s  with i n d i v i d u a l s  r a n g i n g  in size fro m  1mm to 
30mm.
Many of shells were ro u n d e d  and abraded.
Th ere has also been transport of m aterial from the clean  
sand c o m m u n i t i e s  with sp e c i e s  such as Venus s t r i a t u l a  and 
Tellina tenuis b e ing found. Be a c h  shell a c c u m u l a t i o n s  are 
comm o n l y  found to be c o m p o s e d  of shells f r o m  a v a riety of 
habit a t s  (eg, D d r j e s  et al 1986, G e o r g i a  Coast U.S.A.).
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T a b l e  5.23: M o l l u s c s  c o l l e c t e d  f r o m  the strand line on 

















0 0 0 7 10 0 1 0 0
Nactra
corallina
0 0 0 6 10 0 0 0 0
Nytilus
edulis
1 6 5 67 94 0 1 0 0
Tellina tenuis 0 0 0 1 0 0 0 0 0
Ensis sp. 0 0 1 0 0 0 0 0 1
Ostrea edulis 0 0 0 0 0 0 0 0 2
Patella sp. 0 7 5 12 4 6 0 11 35
Sibbula sp. 0 0 0 0 0 0 0 0 1
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Plate 5.8; Death assemblage from Pentewan Beach.
Key: 44) Patella sp. , 76) Mytllus edulis, 110) Lutraria sp. umbo, 28) 
fragments of Corystes cassivelaunus. 105) Venuj xVv-o;V«-(cn .
Plate 5.9; Shell fragments from Pentewan beach. Shells fragments have been 
rounded by abrasion.
Key: 44) Patella sp, the hole in the central of the middle shell is
typical of limpet taphonomy by abrasion (see Schëfer 1972), 105), (fenus
striatula fragments.
5) C h a n g e s  in fauna through time
5a) Ch a n g e s  d u r i n g  the live survey p e r i o d . 1968-1985/6.
One of the original aims of this project was to see which, 
if any, of the live fauna surveys; 1968, (Howell & Sh e l t o n  
1970), 1971 (Probert 1973), or 1985/6 (present study) was
most s i milar to the death a s s e m b l a g e  col l e c t e d  in the 
present study. However, it has a l ready s hown that the only 
s i g n i ficant changes in the fauna of M e v a g i s s e y  Bay since the 
c e s s a t i o n  of du m p i n g  is the c o l o n i s a t i o n  of the sand 
adjacent to P entewan B e a c h  by the clean sand c o m m u n i t y  and 
the possi b l e  increase in a b u n d a n c e  of Ed w a r d s i a  callimorpha, 
E. cal 1 imorpha has no p r e s e r v a b l e  hard parts so this will 
not be ref l e c t e d  in the skeletal death assemblage. The lack 
of Tellina tenuis and D o n a x  v ittatus shells in the clean 
sand death a s s e m b l a g e  can be par t i a l l y  at t r i b u t e d  to its 
recent a p p e a r a n c e  but preferential d e s t r u c t i o n  by a b r a s i o n  
due to the thin shell may also be significant. The lack of 
significant changes in the fauna over the s a m p l i n g  period 
means that the death a s s e m b l a g e  p r e s u m a b l y  r e p r e s e n t s  the 
time averaged fauna of all three s a m p l i n g  periods and cannot
represent one surv e y  better than the o t h e r s . .
5b) Changes in f auna bet w e e n  the 1850* s and the c e s s a t i o n  of
china clav waste d u m p i n g  (1973).
The cores taken in the bay have d e m o n s t r a t e d  the 
e x i stence of shell gravel b e l o w  the china clay waste (see 
C h apter 2). Several of these cores were sieved and the death 
a s s e m b l a g e  analysed. T hree s e ctions of box core (BC) Res. 
2A (Station 2.04, the Turritella c o m m u n i s  subcommunity) were 
taken ; one from the top 10cm, another b e tween 10 and 20cm, 
both of w hich were silty china clay w aste and the third,
the r e m ainder of the box core (see T able 5.24). which was
shell gravel.
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The commonest moll u s c s  in the top 10cm are Turritella
communis, Venus s t r i a t u l a  and Abra alba, T. c o m m u n i s  and 
Venus s t r i a t u l a  were common throughout the core and it is 
the large nu m b e r s  of the former that m a kes the base of the 
core a shell gravel. Both T. c o m m u n i s  and V, str i a t u l a  are
both common in the gravel com m u n i t y  b i o c o e n o s i s  and the
Turritella c o m m u n i s  s u b c o m m u n i t y  (from w h ich this core was 
taken) so they might be expe c t e d  to found throughout the
core. Abra alba, and C u l t e l l u s  pellucidus, however, are
only common in the silt s u b c o m m u n i t i e s  and so is found in 
large numbers only at the top of the box core. The change in 
sub s t r a t e  type, therefore, is reco r d e d  by a cha n g e  in the 
death a s s e m b l a g e  by the i n crease in these species.
The death a s s e m b l a g e  for the shell gravel at the base of 
the box core c o r r e s p o n d s  to the fauna found in the shell 
g r a v e l s  at the s u rface (eg. s t a t i o n s  2.06, 1,06) with such
species as Tellina dona c i n a  and D e n t a l i u m  entalis. The box- 
core only took the top 10cm of the gravel and in this study 
one core p e n e t r a t e d  far into the shell gravel, this was 
vibrocore 1.3 (station 1.04) and the r e s ults from this are 
discussed in the next section.
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Ta b l e  5.24; Dead f auna taken f r o m  s e ction of box core 
Reserve 2A (station 2.04. Turritel la c o m m u n i s  subcommunitv) . 
Counts are f or sec t i o n  10cm x. 30c m  x. 5cm) and the f igures 
are cor r e c t e d  for number of i n d i v iduals total (bivalve 
s h ells has b een di v i d e d  by t w o ) .
Depth from surface; 0- 10cm 10-20cm 2 0 c m - 3 0 c m
Venus str i a t u l a 10 19 47.5
Abra alba 83 10 2
C u l t e l l u s  p e l l u c i d u s 6 1 1
Tellina d o nacina 0. 5 1 0. 5
Nuc u l a  turgida 0. 5 3 0. 5
Do s i n i a  l u p i n u s 1 2 3. 5
Corbula g i b b a 1 1 . 4
M a c t r a  corallina 0. 5 2.5 4. 5
My  r tea spini fera 1.5 1. 5 2
Thyasira f1 exuosa 2 2 4. 5
Ca r d i u m  sp. 0 1 1.5
Lept o n  sp. 0 2.5 1
M y s e l l a  b identata 0 0. 5 0.5
C h l a m y s  sp. 0 0.5 2.5
P a r v i c a r d i u m  ovale 0 1 0
L o r i p e s  l u c i n a l i s 0 0 7. 5
Di p l o d o n t a  r o tunda 0 0 1. 5
Tellina fabula 0 0 1
S o l e c u r t u s  sp. 0 0 0.5
Ga s t r o p o d  :
Turritella c o m m u n i s 22 60 560
N a n g e l i a  a t t e nuata 1 5 2
Na t i c a  alderi 1 2 6
E u m a r g i n u l a  reticu l a t a 0 1 0
G i b bula  sp. 0 1 3
C ylichna c y l i n dracea 0 2 0
N a s s a r i u s  r e t i c u l a t u s 0 2 5
Act aeon tornatilis 0 0 1
Scaphopod:
D e n t a l i u m  e n t alis 0 0 2
Others :
Serpulid fragments 0 0 3
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5c) C h a nges In fauna throughout the h i s t o r y  of Me v a g i s s e y  
Bay,
Shell gr a v e l s  were found at the base of several cores (see 
Ch a pter 2) and they were observed to have faunas s i milar 
to shell gr a v e l s  a l ready des c r i b e d  above. This was not the 
case, however, for Vib r o c o r e  1.3 (station 1.04). The core 
was 5 0 c m  long of which the basal 10cm was shell gravel. 
The core shoe m e c h a n i s m  however reta i n e d  a further 15cm of 
core which was a coarse y e l l o w  gravel. The shelly material 
was anal y s e d  and the faunal c o m p o s i t i o n  of the base is 
il l u s trated in Plates 5.10 and 5.12.
The shoe sample was d i vided into two; sample A, the b o t t o m  
half, and the upper half, sample B. Samp l e  A was dominated 
by coarse i r r e gular but s u b - r o u n d e d  p e b bles of vein quartz 
while the fauna c o n s i s t e d  of abundant Ostrea e d u l i s  with 
Turritella communis. In core shoe B, T. c o m m u n i s  was very 
common while Ostrea e d u l i s  occu r r e d  in smaller numbers. 
Infaunal m o l l u s c s  such as Venus s t r i a t u l a  were found only in 
B but they made up only a small p r o p o r t i o n  of the 
assemblage.
The death a s s e m b l a g e  of the gravel above the core shoe 
samples in the o v e r l y i n g  shell gravel was very similar to 
the shell gra v e l s  found today in M e v a g i s s e y  Bay. The samples 
were not sieved but the shell seen in the cut cores were 
identified. The o v e r l y i n g  silt yield a sparse fauna of 
species typical of the silt s u b c o m m u n i t i e s  iAbra alba, 
Cul t e l l u s  p e l l u c i d u s  and Thyasira flexuosa) .
Ostrea edulis, a l t h o u g h  rare today (Holme pers c o m m . ) 
lives from low water to b e t ween 27 and 83 metres on firm, 
co m p a r a t i v e l y  i mmobile bottoms of muds, rocks, muddy sands 
and gravels (Tebble 1966). Of all the cores taken the core 
shoe s a mples were the only ones which r e p r e s e n t e d  a
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Plate 5.10; Death assemblage from »-3q (Station 1.04).




Plate 5.11; Death assemblage from |-3b (Station 1.04).
Key: 48) Gibbula sp, 51) Turritella communis, 52) Aphorrhais
pespeJecanl, 55) Natica alderi, 80) Chlamys sp., 105) Venus striatula, 
77) Ostrea edulis, 91) Myrtea spinifera, 96) Cockle sp..
different c o m m u n i t y  or e n v i r onment than the ones w h ich are 
presently found in M e v a g i s s e y  Bay. The large pebbles suggest 
that the core mav have reached t errigenous gravel o v e r l y i n g  
the rock floor. The y e l l o w  colour of the m uddy matrix  
suggests that that was once ex p o s e d  (see Ch a p t e r  2). The 
oysters may have been the first fauna to colonise a boulder 
and muddy sub s t r a t e  following a rise in sea level. The 
oyster c o m munity was soon replaced by a c o m munity rich in 
Turrl.tella c o mmunis  and with the infaunal species found in 
the shell g r a vels of today.
5d) C h anges in a c c u m u l a t i n g  death a s s e m b l a g e s  in M e v a g i s s e v  
Bay in r esponse to changes in s u b s t r a t e  through time.
A history of s e d i m e n t a t i o n  has a l ready been des c r i b e d  for 
Me v a g i s s e y  Bay and this shall n o w  be related to the history 
of c o l o n i s a t i o n  in the bay;
The yel l o w  st a i n e d  gravel at the very base of vibrocore 
1.3 suggests subaerial exposure. This gravel is very coarse 
with less than 5% m u ddy matrix. This y e l l o w  gravel has a 
fauna dominated by Ostrea edulis  and as already dis c u s s e d  
this suggests a hard b o t t o m  s u b s t r a t e  (Tebble 1966). With 
some b a ckground s e d i m e n t a t i o n  the pr o p o r t i o n  of '^ '^ \%iud 
increased and an infauna c o n s i s t i n g  of Turritella communis, 
Venus s t r iatula  and other species r e p l a c e d  the Ostrea edulis  
community (Chapter 2, stages 1 - 3). The shell gravel
c o m m unity remai n e d  until the 1850's when china clay waste 
de p osition began (stages 4 - 5 ) .  Just before the china clay 
du m p i n g  commenced, 2 5 c m  of both clastic and car b o n a t e  
sediment had a c c u m u l a t e d  (this figure, however, includes the 
coarse gravel wh i c h  was prob a b l y  present prior to 
s u b m e r g e n c e ) . The r e l a t i v e l y  long e xposure time of 
ac c u m u l a t i n g  shells at the s u rface r e sults in m i c r o b o r i n g s  
e f f e c t i n g  a large p r o p o r t i o n  of the shells. In the next one 
hu n d r e d  and thirty years the r e m a i n i n g  5 0 c m  or 67% of the
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total sediment was dep o s i t e d  (stage 5). Initially china clay 
waste d u m ping was at a s l o w  rate and most of the material 
was dep o s i t e d  close to the source. But as the rate of 
du m p i n g  increased the china clay waste covered the m ajority 
of the bay. The fauna was replaced by a silt fauna which 
p roduced a death a s s e m b l a g e  typical of the silt communities. 
T here shells were mai n x y  f ractured with m i c r o b o r i n g s  
uncommon. After the cessation of d u m p i n g  there has not been 
a s u f ficient time for the changes in the fauna to have an 
effect on the death assemblage.
The changes in c o m munity type from an Ostrea edulis 
c o m m unity to a shell gravel and then a silt c o m m u n i t y  are 
all examples of " c o m m u n i t y  replacement". (Miller 1986a) 
following changes in the s u b s t r a t e  over the past 8,000 
years. In M e v a g i s s e y  Bay c o m m u n i t y  replacement was by 
"gradual species turnover" (Miller 1986c), where some 
species drop in a b u n d a n c e  and others disappear with n e w  
species c o l o n i s i n g  the n e w  substrate. It is not 
"cata s t r o p h i c  species turnover" where local e x t i n c t i o n  of 
all the species in the original c o m m u n i t y  occurs because 
some species did s u rvive the change (eg; Venus str i a t u l a  and 
Turritella communis) .
Miller (1986a,b) and Miller & Dubar (1988) both des c r i b e d  
examples of c o m m u n i t y  replacement in the fossil record.
247
6) Conclusions
a) Almost each c o m m u n i t y  and the two silt s u b c o m m u n i t i e s  
can be r e c o g n i s e d  by their death assemblage. In fact, the 
comm u n i t i e s  are more cl e a r l y  defined by s t atistical a nalysis  
of the death a s s e m b l a g e s  than anal y s i s  of the live fauna.
b) Time a v e r a g i n g  has resulted in species being more 
wi d e s p r e a d  in the thanat o c o e n o s i s  than a single live survey 
of the' area w o u l d  suggest but not when the d i s t r i b u t i o n  of 
the species in all three surveys is consi d e r e d  (eg N ucu l a  
turgida and Venus s t r i a t u l a ) ,
c) A l l o c h t h o n o u s  rocky shore fauna d ominates the 
t h a n a t o coenosis in s h a l l o w  water which are close to the 
rocky cliffs and reefs.
d) The order of a b u n d a n c e  of a u t o c h t h o n o u s  species found in 
the death a s s e m b l a g e s  is similar to the order of abundance 
of those s p e cies in the biocoenosis,
e) Taphon o m i c  p r o cesses differ from c o m m u n i t y  to c o m munity  
and are a r e f l e c t i o n  of the different ambient e n v i r o nmental  
conditions; in the s h a l l o w  areas subject to constant 
reworking by waves, abra s i o n  is predominant, in the deeper 
waters signs of pre d a t i o n  are common but where the 
sedim e n t a t i o n  rates are low, shells have been e x posed in 
this area for a long time <ie in the shells gravels) and 
microb o r i n g s  are also common. Such a transition has been 
observed in the Puris i m a  F o r m a t i o n  in C a l i f o r n i a  (Norris 
1986) and the Brett & Baird (1986) sug g e s t e d  that the 
taphonomic sig n a t u r e  of a shell can be used to interpret the 
environment of d e p o s i t i o n  or " t a p h o f a c i e s " . Examp l e s  of 
taphofacies include trilobite c o m m u n i t i e s  from the D e vonian  
of N e w  York State, USA (Speyer & Brett 1986) Middle D evonian
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epeiric sea c o m m u n i t i e s  in general (Miller et al 1988, 
Speyer & Brett 1988, Parsons et al 1988).
f) The micro death as s e m b l a g e  for the m o lluscs r eflects the 
a b u n dance of the m o l l u s c a n  macro death assem b l a g e  (which in 
turn refl e c t s  their order of abu n d a n c e  in the biocoenosis). 
This sugg e s t s  that the m o l l u s c a n  communities, in general, 
are b r e a k i n g  down in sit u  and at an equal rate for the 
different species.
g) The study of the fraction less than 2 m m  does not improve 
our u n d e r s t a n d i n g  of the past m o l l u s c a n  c o m m u n i t i e s  but does 
reveal the c o - e x i s t e n c e  of o p h i u r o i d s  and echinoderms, and 
in the case of the ophiuroids, the changes in relative 
abund a n c e s  wit h i n  each community.
h) Early in the h i s t o r y  of M e v a g i s s e y  Bay a c o m m u n i t y
dominated by Ostrea e d u l i s  e x isted but this was repla c e d  by 
a shell gravel c o m m u n i t y  long before du m p i n g  commenced.
i) C o m p a r i s o n  of the shell gravel death as s e m b l a g e  be l o w  the 
china clay waste to the shell gravel found on the outer 
parts of M e v a g i s s e y  Bay sugge s t s  that the p r e - d u m p i n g  
benthic c o m m u n i t i e s  where very similar to the shell gravel 
co m m u nities found living in the area today.
j ) P r e s erved dead skeletal material in the clay w aste silt 
reflects the live faunas of the clay waste.
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CHAPTER 6 
B X O T ^ U R B A T I O N
1 > Introd u c t i o n
The previous chapter examined the potential body fossil 
a s s e m blages being p r oduced in M e v a g i s s e y  Bay, this chapter 
examines the potential i c hnofacies within these sediments. 
Their use in both p a l a e o n t o l o g y  and pollution studies is 
c o nsidered and the effect of b i o t u r b a t i o n  has on the s ediments  
and shells and is also examined.
2) Methods
The study of the traces was only possi b l e  through the use of 
the box corer. Box cores were s t udied in three ways; by direct 
d i ssection of the cores, by x-ray r a d i o g r a p h y  and detailed 
ex amination of st r u c t u r e s  r e vealed by v a c u u m  and pressure 
impregnation of slabs with polyester and epoxy resins. Details 
of the techniques used are given in A p p e n d i x  (1).
3) Traces and trace a s s e m b l a g e s  in the m uddy china clav waste 
of Me v a g i s s e y  Bav as reve a l e d  bv the box core prepar a t i o n s
a ) Dis s e c t e d  cores
The cores were d i s s e c t e d  with a small knife and the position 
of the living and dead faunas reco r d e d  in respect to their 
abundance, depth and orientation. Any s e d i m e n t a r y  and
biogenic struc t u r e s  were also recorded.
The results of these dis s e c t i o n s  are summa r i s e d  in Chapter 
3, Figures 3.5 - 3.12. This gave important information
c o n c e r n i n g  the faunas res p o n s i b l e  for the different b urrow  
systems. Relat i v e l y  few traces were recognised, and the
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majority i d e ntified we^pe o ccupied unfi l l e d  burrows. The lack 
of r e c o g n i s a b l e  traces is due to the apparent homog e n o u s  
nature of the sediment. The other two techniques d i s c ussed 
b e l o w  were able to bring out more subtle varia t i o n s  in the 
nature of the sediment and so revealed more traces.
3b) R a d i o g r a p h y
For this a nalysis vertical slabs about 5 c m  thick were 
removed from the box cores liners and dried. The radi o g r a p h s  
were taken at King's Co l l e g e  Hospital and the technical 
details are g i ven in A p p e n d i x  (1).
De t a i l s  of the p r i n c i p l e s  behind r a d i o g r a p h y  and its use is 
g iven in Bouma (1959) and by F a r r o w  (1975). E xamples on its 
use on modern e n v i r o n m e n t s  can be seen in Hamblin (1962), 
Hertweck (1972), Frey et al (1987) and Pye (1980). Frey & 
Howard (1972) and Pye (1980) also X-r a y e d  traces produced 
e x p e r i m e n t a l l y  in aquaria.
Pye (1980) studied the traces prod u c e d  by animals in aquaria 
and box cores taken fro m  a variety of marine e n v i r o n m e n t s  in 
Scotland, These i n cluded the G a r r o c h  Head Sludge dumping  
ground in the Firth of Clyde, the pulp-paper mill dumping  
site s i tuated between L ochs Linnie and Eil and also unpolluted 
sea lochs and open m a r i n e  sites. He i d entified the traces and 
the species which were pro d u c i n g  them and r e c o r d e d  h o w  
pollution effec t e d  the trace assemblages. I d e n t i f i c a t i o n  of 
the traces from M e v a g i s s e y  Bay was under t a k e n  by c o m p a r i n g  
the traces to the o b s e r v a t i o n s  made in the di s s e c t i o n  process 
and by using Pye's (1980) i d e n t i f i c a t i o n  key.
The r a d i ographs taken from the china clay waste are 
il l u strated and d e s c r i b e d  in Plates 6. 1-6.6. and i n terpreted  
in Figures: 6. 1-6. 13. All 5 c m  thick cores i n d icated a
b i o t u r b a t e d  fabric with the m a j o r i t y  of r e c o g n i s a b l e  traces
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c oncen t r a t e d  in the upper half of the core. Be c a u s e  of this 
b iot u r b a t e d  fabric only a few traces could be r e adily linked 
to specific o r g a nisms and these are d e s c r i b e d  b e l o w  in Figures 
6 .1—6 .8 .
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Figure 6.1: E d w a r d s ! a  c a l l i m o r p h a
E d w a r d s i a  callimorphat  these are vertical or s l i g h t l y  o b l i q u e  
s t r a i g h t  b u r r o w s  about 5 m m  w i d e  and up to 8 c m  long and 
s o m e t i m e s  e x p a n d e d  wit h  a ch a m b e r  at the lower half of the 
b u rro w  <6. la). Suc h  traces wer e  r e c o g n i s e d  by u s i n g  the key 
of Pye (1980) and c o m p a r i s o n  w i t h  the lo n g  strai g h t  b u rrows 
o b s e r v e d  in the d i s s e c t e d  cores.
a) = BC 6a (station 1.04),
b) = BC Res 2a (station 2.04),
c) = BC 4 (station 2.03) ^
xl
F igu r e  6.2: N e p h t v s  sp.
The b u r r o w s  of N e p h t y s  sp. wer e  i d e n t i f i e d  by Pye (1980) as 
thin b u r r o w  s y s t e m s  w i t h  n u m e r o u s  branches. W h e r e  the b r a n c h  
on an X - r a y  is 90 de g r e e s  f r o m  the p h o t o g r a p h  the bran c h  can 
be r e c o g n i s e d  by a s l i g h t l y  larger black c i r c l e  s h o w n  a l o n g  
the c o a r s e  of the v i s i b l e  tunnel. Pye (1980) d e s c r i b e d  the 
b r a n c h i n g  b u r r o w s  p r o d u c e d  by o t h e r  g e n e r a  (eg Gl y c e r a  sp. ) 
but as N e p h t y s  was the most c o m m o n  g e n u s  s a m p l e d  in the 
s urvey that p r o d u c e d  such b u r r o w  s y s t e m s  all s u c h  b u r r o w s  
o b s e r v e d  in this s t u d y  w e r e  a t t r i b u t e d  to this polychaete.
N e p h t y s  sp. 
the X-rays.
b u r r o w s  w e r e  c o m m o n  and found in v i r t u a l l y  all




Figure 6.3: M e l i n n a  p a l m a t a .
T h e s e  are vertical or o b l i q u e  bu r r o w s  w h i c h  are muc h  thinner 
and longer than E d w a r d s i a  callimorpha.  T h e y  are only 2 - 3 m m  
thick and up to 10cm long. T h e y  d i f f e r  f r o m  N e p h t y s  sp. by 
b e i n g  u n b r a n c h e d  and c o m p o s e d  o f W i ^ m e n t e d  silt w h i c h  project 
a b o v e  the sediment water I n t e r f a c e  by about 2 m m . .
a,b) = BC Res 2a (station 2.04)
xl
F i gure 6.4; N o t o m a s t u s  l a t e r l c e u s
N o t o m a s t u s  l a t e r l c e u s  is a p o l y c h a e t e  not r e t r i e v e d  in the 
dre d g e  s a m p l e s  (due to its small si z e  and f r a gile n a t u r e  w h i c h  
will c ause s p e c i m e n s  to break up in u n r e c o g n i s a b l e  fragments) 
but p r o d u c e s  dist i n c t  "U" s h a p e d  b u r r o w s  w h o s e  h o r izontal
component is a spiral. T h e s e  we r e  c o m m o n  in several core 
s a m ples and we r e  also r e c o g n i s e d  in the d i s s e c t e d  box— cores, 
(see Pl a t e  3.5).
a,b,c) BC Res 2a (station 2.04). 
xl
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Figure 6^ .5 L U p o f f e b l a  sp.
U pogeblQ  sp. traces w e r e  r e c o g n i s e d  in BC 6a (station 1.04) 
and are e a s i l y  d i s t i n g u i s h e d  by their w i d t h  w h i c h  e x c e e d s  5 m m  
(these traces c o u l d  a l s o  be p r o d u c e d  by the s m a l l e r  c lose 
relation; C a l l l a n a s s a  sp.).
F r o m  BC 6a (station 1.04)
xl
F i g u r e  6.6: Bod y  f o s s i l s  Turrltel la c o m m u n l s.
T u r ritella c o m m u n i s  is the most e a s i l y  r e c o g n i s a b l e  shell 
a,b,c = BC Res 2a (station 2.04).
xl
F igu r e  6.7: A b r a  alba,  h as a ver y  thin shell and is commonly,
seen in section, and in plan has a v i e w  the c h a r a c t e r i s t i c  
oval shape. Bot h  a r t i c u l a t e d  and d i s a r t i c u l a t e d  s p e c i m e n s  wer e  
o bserved and it was p o s s i b l e  to see if an a r t i c u l a t e d  pair of 
valves was either fil l e d  or unfilled. If u n f i l l e d  the i nterior 
w ould be dark e r  then the matrix.
a,b) = BC 6a (station 1.04).
xl
F i g u r e  6.8; E c h i n o c a r d i u m  c o r d a t u m  
i d e n t i f i e d  in Be Res 2b (Station 2.04).
test fra g m e n t s  were
xl
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Plate 6.1; X-ray radiograph, BC 6A (Station 1.04).
Plate 6.1; Figure 6.9. BÇ 6a (station 1.04)
Eight Edwardsia callimorpha burrows occur at the top of mud block with an extensive
Nephtys burrows system,
A large infilled Upogebia (or possibly Callianassa sp.) burrow is present along the right 
hand margin. The long vertical burrow which bisects the Upogebia sp. burrow is a possible 
Nelinna palmata burrow. Numerous smaller burrows are present which can be attributed to many 
small benthic species which were not sampled live because they were smaller than the sieve 
size.
Numerous /fbra alba valves are present in all orientations and states of articulation about
fifteen have a much darker interior^ suggesting the are unfilled.
The general mottled appearance indicates extensive bioturbation.







Plate 6.2; X-ray radiograph, BC 6B (Station 1.04).
% #
«
PU..U L h .  E im fi. BC. 61Lu (station \ M )
Edwii'dsis callimorpha burrows are common on the top, Nephtys sp, burrow system and the 
characteristic spiral of the small polychaete Notomastus laterlceus are all present, Near the 
base of the specimen is a "living" specimen of Upogebia sp. and a trace of its burrow is 
seen on the right hand side of the block,
Numerous shells are present which either fibra alba or T u rrite lla  communis, Both shells are in 
any orientation, T u rrite lla  communis is almost vertical in places, a position contrary to its 
life position and it unlikely to have been deposited in this position,












Plate 6.3; X-ray radiograph, BC3A (Station 2.02)
a m
Püii 6.J.X. EuUjuis. 6JJLL QC. iilaliaû L.02I
In this small block is a "living" specimen of Echinocardium cordatum. Also present is a 
small Edvardsia caJIimorpha trace and a possible f^/ephtyszp, trace.
Recognisable shells consists of two Turritella communis shells one of which is vertical and 
the other at a very oblique angle from horizontal, T^bra alba and other small shell fragments 
are common towards the bottom of the block,








B c 3 a
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Plate 6.4; X-ray radiograph, BC4 (Station 2.03)
EJiifi. L i u  EiwTii 6.12: EC. (station 2.J221
An apparent dense population of nine Edvardsia callimorpha traces are present and a complex 
burrow system of Nephtys
Two Notomastus latericeus burrows are also present,
A few Abra alba shells are scattered amongst the block but at the base the Turrite lla
communis shells and numerous smaller fragments reveals 3cm of shell gravel which underlies
the china clay waste,
KEY; Ed: Edvardsia callimorpha, Ne; Nephtys sp,,Ni; Notomastus latericeus, Up; Nelinna







Plate 6.5; X-ray radiograph, BC Res 2a (Station 2.04).
Pla k  Eigjjjifi. E.lSaU. EC. Rss. 2a  (station 2.04)
A large branching Nephtys sp, system, four Notomastus latericeus burrows and Nelinna palmata 
burrows are present.
The 5cm of shell gravel underlying the china clay waste is clearly visible and it appears to 
be dominated by numerous shells of T urrite lla  conmunis, T, communis shells are also present 
in the overlying waste and are in many orientations,
KEY; Ed; Edwardsia callimorpha, Ne; Nephtys sp,,Ni; Notomastus latericeus, Mp: Nelinna 




Plate 6.6: X-ray radiograph, BC Res 2k (Station 2.04).
é
Elak. 6.L. Ekuj-a. L D h i  BC Res. 2b. ( s i a l m  2Æ1
Like block 2A the shell base is clearly visible and is dominated by T u rr ite lla  communis, Not 
many clearly recognisable burrows are visible, only some Nelinna palmata and a few poorly 
preserved Nephtys burrows,
T u rr ite l la  communis shells appear in all orientations in the clay waste and and L u tra ria  sp, 
fragments are also present. Just above the 10-4 cm of shell gravel a partially crushed 
Echinocardium cordatum test is visible,
KEY; Ed; Edvardsia callimorpha, Ne; Nephtys sp,,Mp; Nelinna palmata, Aa; Abra alba, Tc; 




3c) Impregnated box core slices.
A f t e r  b e i n g  X - r a y e d  t h e  s a m p l e s  w e r e  i m p r e g n a t e d  b y
p o l y e s t e r  o r  e p o x y  r e s i n .  E a r l y  s a m p l e s  w e r e  i m p r e g n a t e d  w i t h
p o l y e s t e r  r e s i n s  u s i n g  t h e  m e t h o d  o f  G r e e n  ( 1 9 8 6 )  b u t  f a i l u r e  
t o  a c h i e v e  a  t h o r o u g h  i m p r e g n a t i o n  f o r  l a r g e  s a m p l e s  r e s u l t e d  
i n  t h e  l e s s  v i s c o u s  e p o x y  "‘ r e s i n s  b e i n g  u s e d .  T h i s  i s  a  n e w  
t e c h n i q u e  a n d  t h e  d e t a i l s  a r e  g i v e n  i n  A p p e n d i x  ( 1 ) .  A f t e r  
i m p r e g n a t i o n  t h e  s a m p l e  w a s  s l i c e d  i n t o  t w o  o r  o c c a s i o n a l l y  
t h r e e  s l a b s .  T h e  c u t  s u r f a c e s  w e r e  p o l i s h e d  a n d  d a m p i n g  t h e  
s u r f a c e  w i t h  a  w a t e r  a n d  g l y c e r i n  m i x t u r e  m a d e  t h e  i n t e r n a l  
s t r u c t u r e s  c l e a r l y  v i s i b l e .
T h e  t r a c e s  o b s e r v e d  a r e  i l l u s t r a t e d  i n  F i g u r e s :  6 . 1 4 - 6 . 2 1
a n d  P l a t e s :  6 . 7 - 6 . 1 2 .  G e n e r a l l y  t h e  b l o c k s  r e v e a l  a  v e r y
m o t t l e d  f a b r i c  s u g g e s t i n g  c o m p l e t e  b i o t u r b a t i o n  w i t h  o n l y  a  
f e w  r e c o g n i s a b l e  t r a c e s  a n d  e v e n  f e w e r  p h y s i c a l  s e d i m e n t a r y  
s t r u c t u r e s  p r e s e r v e d .  O n l y  o n e  s u r f a c e  w a s  s t u d i e d  i n  t h e  
f o l l o w i n g  c o r e s :  Be  A ( F i g u r e  6 . 1 4 ) ,  Be  6 a  ( F i g u r e  6 . 1 5 )  a n d
Be 4  ( F i g u r e  6 . 1 7 ) .  B o t h  h a l f s  o f  a  c u t  s l a b  w e r e  s t u d i e d  i n
i n  Be 3 b  ( F i g u r e  6 .  1 6 a ,  6 .  1 6 b )  a n d  Be R e s  2 a  ( F i g u r e  6 .  1 8 a ,
6 . 1 8 b )  w h i l e  m u l t i p l y  s l i c e s  w e r e  t a k e n  f r o m  Be R e s  2 b  F i g u r e  
6 . 1 9 a , b , c , d  a n d  6 .  2 0 a , b , c , d ) .
O n e  s m a l l  s a m p l e  w a s  X - r a y e d  a f t e r  i m p r e g n a t i o n .  N o  t r a c e s  
w e r e  v i s i b l e ,  t h i s  m a y  h a v e  b e e n  b e c a u s e  t h e  s l i c e  w a s  o n l y  
1cm t h i c k  b u t  m a y  a l s o  h a v e  b e e n  b e c a u s e  t h e  r e s i n  
i n f i l t r a t i o n  h a d  r e d u c e d  t h e  d e n s i t y  c o n t r a s t  b e t w e e n  p o r e  






P l a t e  6 . 7 ;  I m p r e g n a t e d  sa mp le  Be A ( s t a t i o n  4 . 0 4 ) ,  se e  f i g u r e  6 . 1 4  f o r  
l a b e l s .
2cm
F l f f u r e  6 .  1/^- ( p ]  a t e  6 .  7 )  I m p r e g n a t e d  s a m p l e .  Be. &  ( s t a t i o n
4 . 0 4 ) .  T
An Echinocardium cordatum  t r a c e  i s  p r e s e n t  i n  t h e  l o w e r  h a l f  
o f  t h e  s e c t i o n ,  a b o v e  w h i c h  t h e r e  i s  some r i p p l e  l a m i n a t i o n  
w h i c h  a r e  t h e  o n l y  p h y s i c a l  s e d i m e n t a r y  s t r u c t u r e s  s e e n  i n  
a l l  t h e  s e c t i o n s .  B u r r o w s  2mm w i d e  a r e  i n f i l l e d  w i t h  o v a l  '
s h a p e d  p e l l e t s .
Ec .  Echinocardium cordatum  t r a c e ,  P. P e l l e t  f i l l e d  b u r r o w s ,
270 R. r i p p l e  m a r k s .
ii)
S ctp
F i g u r e  6 . 1 5 .  I m p r e g n a t e d  s a m p l e .  B e  6 a  ( s t a t i o n  1 . 0 4 ) .
T h i s  s l a b  h a d  a  v e r y  m o t t l e d  a p p e a r a n c e  w i t h  E c h i n o c a r d i u m  
c orda turn t r a c e s  a n d  v e r t i c a l  t r a c e s  o f  E d w a r d s i a  c a l l i m o r p h a  
v i s i b l e .  T h e r e  i s  a  Tu r r i t e l l a  c o m m u n i s  shell  w h i c h  i s  a t  a n  
a n g l e  t o  t h e  s e d i m e n t  s u r f a c e .
E c .  E c h i n o c a r d i u m  cordatum^  E d .  E d w a r d s i a  callimorpha^
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FJgure 6. 17. sample. Be. 4 .(station 2.03).
This slab was very mottled with the only recognisable trace 
being that of Edwardsla cal1Imorpha. Shell clusters were 
present.
Ed. Edwardsla callimorpha, Tc. Turrltella communis, Vs, Venus 




F i g u r e  6 . 18b; I m p r e g n a t e d  Sa mple .  BC Res 2 a .  2A11,  




F i g u r e  6 .  1 6 a  a n d  6 .  1 8 b ;  I m p r e g n a t e d  s a m p l e .  BC R e s  2 a .  2 A 1 .
( s t a t i o n  2 . 0 4 ) .
T h e  b l o c k  i s  v e r y  m o t t l e d .  E c h i n o c a r d l u m  c o r d a t u m  t r a c e s  a r e  
p r e s e n t  b u t  n o  o t h e r  t r a c e s  c a n  b e  i d e n t i f i e d .  A p a r t i a l l y  
c r u s h e d  E c h i n o c a r d i u m  c o r d a t u m  t e s t  i s  p r e s e n t  1 0 c m  a b o v e  t h e  
b a s e .  S m a l l  s h e l l  f r a g m e n t  c l u s t e r s  a r e  p r e s e n t  J u s t  a b o v e  t h e  
s h e l l  g r a v e l .
E d .  E c h i n o c a r d i u m  cordatum,  E d .  E d w a r d s l a  calllmorpha,  A a .  
Ab r a  alba,  T c .  Tu r r l t e l l a  communis,  X .  shell clusters,
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6 . 1 9 a ; s a m p l e .  BC R e s  2 b .  A 1 .
T h i s  s l a b  i s  v e r y  m o t t l e d .  E c h i n o c a r d i u m  c o r d a t u m  t r a c e s  a r e  
p r e s e n t  b u t  n o  o t h e r  t r a c e s  c a n  b e  i d e n t i f i e d .  S m a l l  s h e l l  
f r a g m e n t  c l u s t e r s  a r e  p r e s e n t  a b o v e  t h e  s h e l l  g r a v e l .
E c .  E c h i n o c a r d i u m  cordatum,  T c .  Tu r r i t e l l a  communis,  A a .  A b r a  










F i g u r e  6 .  1 9 b :  I m p r e g n a t e d  s a m p l e .  BC R e s  2 8  A l i x  ( s t a t i o n
2 ^ 0 .4  ;> •
T h e r e  i s  a  b r a n c h i n g  b u r r o w  s y s t e m  p o s s i b l y  p r o d u c e d  b y  
N e p h t h y s  s p .  a t  t h e  t o p  t o g e t h e r  w i t h  s o m e  u n f i l l e d  
u n b r a n c h i n g  b u r r o w s .  E c h i n o c a r d i u m  c o r d a t u m  t r a c e s  a r e  
p r e s e n t .
T h e r e  i s  a  m u d d y  s h e l l  g r a v e l  a t  t h e  b a s e ,  t h e  c o n t a c t  t h e  
o v e r l y i n g  c h i n a - c l a y  i s  g r a d a t i o n a l .
N e .  p o s s i b l e  N e p h t h y s  s p .  t r a c e ,  E c .  E c h i n o c a r d i u m  cordatum^ 





F i g u r e  6 .  1 9 c ;  I m p r e g n a t e d  s a m p l e .  BC R e s  2 8  A i i Y .  ( s t a t i o n
2 . 0 4 )
S m a l l  s h e l l  c l u s t e r s  a n d  t h e  o c c a s i o n a l  f i l l e d  b u r r o w  t r a c e  
a r e  t h e  o n l y  d i s t i n c t i v e  t r a c e  i n  t h i s  s e c t i o n .
T h e r e  i s  a  m u d d y  s h e l l  g r a v e l  a t  t h e  b a s e ,  t h e  c o n t a c t  t h e  
o v e r l y i n g  c h i n a - c l a y  i s  g r a d a t i o n a l .
E d .  E d w a r d s i a  callimorphat  T c .  T u r r l t e l l a  communist  X ,  S h e l l  





F i g u r e  6 . 1 9 d ;  
2 .  0 4 )
s a m p l e .  BÇ. R e s e r v e  2Ê.  A l i i ,  ( s t a t i o n
S om e s m a l l  f i l l e d  b u r r o w  t r a c e s  a r e  p r e s e n t  a n d  r a r e  
E c h i n o c a r d i u m  c o r d a t u m  t r a c e s .  A p o s s i b l e  w a v y  t r a c e  o f  
D a s y b r a n c h u s  s p  ( P y e  1 9 8 0 )  a n d  a t  l e a s t  t h r e e  s h e l l  c l u s t e r s  
a r e  a l s o  p r e s e n t .
T h e r e  i s  a  m u d d y  s h e l l  g r a v e l  a t  t h e  b a s e ,  t h e  c o n t a c t  t h e  
o v e r l y i n g  c h i n a - c l a y  i s  g r a d a t i o n a l .
E .  , E c h i n o c a r d i u m  cordatum,  E d .  E d w a r d s i a  calllmorpha,
T c .  T u r r i t e l l a  communis,  A a .  A b r a  alba,  D .  D a s y b r a n c h u s  s p ,  , 
X ,  S h e l l  c l u s t e r . 279
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F i g u r e  6 . 2 0 a ;  I m p r e g n a t e d  s a m p l e :  BC 2B  B i . ( s t a t i o n  2 . 0 4 )
N o d i s t i n c t i v e  t r a c e s  a r e  p r e s e n t  e x c e p t  f o r  t h e  s h e l l  g r a v e l  
b a s e  a n d  t h e  r a r e  s h e l l  c l u s t e r .






F i g u r e  6 .  2 0 b :  I m p r e g n a t e d  s a m p l e ;  R e s e r v e  2B B i l l .  ( s t a t i o n
2 .  0 4 )
B r a n c h i n g  t r a c e s  o r  p o s s i b l y  N e p h t h y s  a r e  co m m o n  i n  t h i s  
s e c t i o n  a s  a r e  s h e l l  c l u s t e r s  o v e r l y i n g  t h e  s h e l l  g r a v e l .
E c .  E c h i n o c a r d i u m  cordatum,  T c .  T u r r i t e l l a  communis,  X .  S h e l l  






F i g u r e  6 .  2 0 c  : I m p r e g n a t e d  s a m p l e ;  R e s e r v e  2B  B U Y  ( s t a t i o n  
2 .  0 4 )
T h e  i n f i l l e d  b u r r o w  o f  E d w a r d s i a  c a l l l m o r p h a  i s  t h e  o n l y  
i d e n t i f i a b l e  t r a c e  i n  t h i s  b l o c k .  S e v e r a l  s h e l l  f r a g m e n t  
c l u s t e r s  o v e r l y  t h e  s h e l l  g r a v e l .
E d .  E d w a r d s i a  c a l l i m o r p h a ,  N e .  N e p X . t h y s  s p .  , T c .  Turritella
communis,  __
X.  S h e l l  c l u s t e r .
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Ec . . - .
:::g r;c
•O ÿ r  ■■
xj P e l l e t  f i l l e d
Turritella communis 
s h e l l .
5cm
F i g u r e  6 . 2 0 d ;  I m p r e g n a t e d  s a m p l e ;  R e s e r v e  2B B i l x  ( s t a t i o n  
2 .  0 4 )
E c h i n o c a r d i u m  c o r d a t u m  t r a c e s  a r e  c om m on i n  t h i s  b l o c k  a n d  
l a y e r e d  s h e l l  f r a g m e n t  c l u s t e r s  a r e  p r e s e n t  J u s t  a b o v e  t h e  
s h e l l  g r a v e l  b a s e ,
E d .  E d w a r d s i a  c a l l i m o r p h a ,  E c .  E c h i n o c a r d i u m  corda turn,
T c .  T u r r i t e l l a  communis,  X .  S h e l l  c l u s t e r .
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i1
m s c a l e  X 3 / 4
Plate 6.8; Edwardsia callimorpha traces in Be 6a (station 1.04), see f i g u r e  
6. 15.
< *3 .: -y
: À  r. '
V ; - : - w /
Plate 6,9;  Impregnated sample Be Res Za ( 2 n i l ) ,  see f ig u re  6.18b.
0 5cm
Plate 6.10; Close up of biogenic shell clusters from Be Res 2a (2ali)
Plate 6.11; Impregnated sample Be 3b (station 2.02), see figure 6.16a for 
labels.
4) Discussion
a )  C o m p a r i s o n  o f  i n f o r m a t i o n  f r o m  d i f f e r e n t  p r e p a r a t i o n
t e c h n i q u e s  f o r  t h e  b o x  c o r e  s a m p l e s .
F r o m  a  s t u d y  o f  t h e  t h e  b o x  c o r e s ,  t h e  r a d i o g r a p h s  a n d  
i m p r e g n a t e d  b l o c k s  i t  i s  c l e a r  t h a t  e a c h  m e t h o d  o f  s t u d y  
b r i n g s  o u t  d i f f e r e n t  f e a t u r e s  o f  t h e  t r a c e s  o f  f a b r i c s  i n  t h e  
m u d d y  c h i n a  c l a y  w a s t e  i n  M e v a g i s s e y  B a y .  T h e  r e c o g n i s a b l e  
t r a c e s  a n d  t h e i r  e q u i v a l e n t  p a l a e o n t o l o g i c a l  c l a s s i f i c a t i o n  i s  
g i v e n  i n  T a b l e  6 . 1
D i s s e c t i n g  t h e  b o x  c o r e s  s o o n  a f t e r  s a m p l i n g  r e v e a l e d  t h e  
i d e n t i f i c a t i o n  o f  t h e  b o r r o w e r ,  t h e  d e p t h  o f  b u r r o w i n g  a n d  
l i f e  p o s i t i o n  o f  t h e  v a r i o u s  l i v i n g  i n f a u n a l  s p e c i e s .  W h i l s t  
u n f i l l e d  b u r r o w s  o f  s m a l l  p o l y c h a e t e s  w e r e  o b s e r v e d  t h e  o n l y  
I d e n t i f i a b l e  b u r r o w s  w e r e  t h o s e  o f  N o t o m a s t u s  l a t e r i c e u s  
( P l a t e  3 . 5 )  a n d  t h e  mud t u b e s  o f  Me l i n n a  p a l m a t a  ( P l a t e  3 . 4 ) .  
T h e  s e d i m e n t  a p p e a r e d  h o m o g e n e o u s  w i t h  p h y s i c a l  o r  
r e c o g n i s a b l e  b i o g e n i c  s t r u c t u r e s  b e i n g  v e r y  r a r e .  T h e  
r a d i o g r a p h y s  r e v e a l e d  t h e  p r e s e n c e  o f  m a i n l y  domichnla 
e s p e c i a l l y  t h e  E d w a r d s i a  c a l l i m o r p h a  b u r r o w s  a n d  t h e  b r a n c h i n g  
b u r r o w  s y s t e m s  o f  N e p h t y s  hombergi.  R a d i o g r a p h i e  a r e  u s e f u l  
b e c a u s e  t h e y  r e v e a l e d  a l l  t h e  s t r u c t u r e s  o f  a  5 c m  t h i c k  
s e c t i o n  o f  t h e  c o r e  i n  o n e  p i c t u r e .  T h i s  m e a n s  t h e  c o m p l e x  
b r a n c h i n g ,  t h r e e  d i m e n s i o n a l  n e t w o r k  o f  s o m e  p o l y c h a e t e  
b u r r o w s  c a n  b e  r e c o g n i s e d .
T h é  r a d i o g r a p h s  r e v e a l  c o n t r a s t  i n  d e n s i t y  w i t h i n  - t h e  
b l o c k s ,  t h e  d a r k e r  a r e a  b e i n g  t h e  l e s s  d e n s e .  B y  e x a m i n a t i o n  
o f  t h e  b l o c k s  w i t h  t h e  r a d i o g r a p h s  i t  a p p e a r s  t h a t  a  l a r g e  
p r o p o r t i o n  o f  t h e  b u r r o w s  s h o w n  a r e  u n f i l l e d  b u r r o w s .  T o  w h a t  
e x t e n t  t h e s e  b u r r o w s  w i l l  b e  p r e s e r v e d  i n  t h e  f o s s i l  r e c o r d  a s  
t r a c e  f o s s i l s  i s  h a r d  t o  d e t e r m i n e  b e c a u s e  i t  s e e m s  l i k e l y  
t h a t  t h e y  w i l l  b e c o m e  i n f i l l e d  b y  s e d i m e n t  o r  s i m p l y  c o l l a p s e  
a f t e r  b e i n g  v a c a t e d  b y  t h e  i n h a b i t a n t  o r  d e s t r o y e d  b y  l a t e r
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b u r r o w e r s .  E v i d e n c e  f o r  t h i s  c o m e s  f r o m  t h e  f a c t  t h a t  t h e r e  
a r e  n o  o p e n  b u r r o w s  i n  t h e  l o w e r  h a l f  o f  t h e  b o x  c o r e s .
T a b l e  6 . 1 ;  T r a c e s  f o u n d  i n  t h e  b o x  c o r e s  t a k e n  f r o m  t h e  m u d d y  
c h i n a  c l a v  w a s t e  d e p o s i  t s  i n  M e v a g i s s e v  B a y  c l a s s i f i e d  w i t h  
t h e  v a r i o u s  c l a s s i f i c a t i o n s  a v a i l a b l e .












Horizontal or oblique 
traces 2-3 mm wide
Dissected core fiaphiura 
fil if ora is
Doaichnia hsieriaciates
Diameter >5mm, Dissected core Upogebia sp, 
j  Callianassa 
sp.
Ooaichnia Thalassinoides
Diameter >3mm, branching X-ray SJycera sp. Doaichnia Chondri tes/ffegagrap ton
Diameter <3mm, 
branching








Spirals are open and 
have a wavey form
Impregnated
cores
Dasybranchus Sp. Doaichnia Cochlichnus
Unbranched straight, 
oblique, may be vertical 




Helinna palaata Doaichnia Skolithos ( i f  vertical)






fus if or a is
Doaichnia Skolithos
Semicircular, curved 






t in Simpson (1975)
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T h e  i m p r e g n a t e d  s p e c i m e n s  r e v e a l e d  t h e  g r e a t e s t  d e t a i l  o f  
s e d i m e n t a r y  s t r u c t u r e s .  B i o g e n i c  t r a c e s  a n d  p h y s i c a l  
s e d i m e n t a r y  s t r u c t u r e s  w e r e  c l e a r l y  v i s i b l e  w h i c h  c o u l d  n o t  
b e  s e e n  i n  t h e  o t h e r  p r e p a r a t i o n s .
4 b )  T r a c e s  a n d  d e g r e e  o f  b i o t u r b a t i o n .
T h e  m o s t  c o m m o n  a n d  d i s t i n c t i v e  t r a c e  a r e  t h o s e  o f  
E c h i n o c a r d i u m  cordatum.  O t h e r  r e c o r d e d  t r a c e s  a r e  t h o s e  o f  
N e p h t y s  s p  a n d  E d w a r d s i a  callimorpha.  N o  o t h e r  t r a c e s  c o u l d  b e  
c h a r a c t e r i s e d  a n d  n o  o t h e r s  c o u l d  b e  a t t r i b u t e d  t o  a  d e f i n i t e  
s p e c i e s .  S e a  u r c h i n  t r a c e s  i n  r e c e n t  s e d i m e n t s  h a v e  b e e n  
c o r r e l a t e d  t o  s i m i l a r  t r a c e s  i n  t h e  f o s s i l  r e c o r d  b y  H o w a r d  
e t  a l  < 1 9 7 4 ) .  H e r t w e c k  e t  a l  ( 1 9 7 2 )  i l l u s t r a t e s  t h e  t r a c e s  o f  
t h e  h e a r t - u r c h i n  M o i r a  a t r o p o s  w h i c h  p r o d u c e s  t r a c e s  v e r y  
s i m i l a r  t o  E c h i n o c a r d i u m  cordatum.  T h i s  t r a c e  i s  c o m m o n  i n  
m u d d y  s a n d s  f r o m  a l l  t h e  e n v i r o n m e n t s  f r o m  t h e  v a r i o u s  
s u b l i t t o r a l  e n v i r o n m e n t s  d e s c r i b e d  b y  H e r t w e c k  e t  a l  ( 1 9 7 2 ) .
A l t h o u g h  t h i s  t r a c e  i s  c o m m o n  i n  r e c e n t  s e d i m e n t s  i t  n o t  s o  
co m m o n  i n  f o s s i l  s e q u e n c e s  r i c h  i n  t h e  b o d y  f o s s i l s  o f  s e a -  
u r c h i n s  s u c h  a s  t h e  c h a l k ,  B r o m l e y  & A s g a a r d  ( 1 9 7 5 )  s u g g e s t e d  
t h i s  w a s  d u e  t o  d e s t r u c t i o n  o f  t h e  t r a c e s  b y  t h e  a c t i v i t y  o f  
l a t e r  d e e p e r  b u r r o w i n g  s p e c i e s .
W i t h  t h e  c e s s a t i o n  o f  c h i n a  c l a y  d u m p i n g  i n  1 9 7 3  t h e r e  h a s  
b e e n  o n l y  v e r y  m i n o r  s e d i m e n t  i n p u t .  W i t h  o n l y  t h e  o c c a s i o n a l  
s t o r m  a n d  n o  s t r o n g  c u r r e n t s  ( s e e  C h a p t e r  1 a n d  2 )  t h e  
p h y s i c a l  r e w o r k i n g  o f  t h e  s e d i m e n t  w o u l d  b e  i n f r e q u e n t .  T h e  
p r e s e r v a t i o n  o f  t h e  s e d i m e n t a r y  s t r u c t u r e s  p r e s e n t  i n  
s e d i m e n t s  d e p e n d s  o n  a  b a l a n c e  b e t w e e n  t h e  a m o u n t  o f  
b i o t u r b a t i o n ,  e r o s i o n  a n d  s e d i m e n t a t i o n .  W h e r e  s e d i m e n t a t i o n  
o c c u r r e d  a t  a  h i g h e r  p a c e  t h a n  b i o t u r b a t i o n ,  p h y s i c a l  
s e d i m e n t a r y  s t r u c t u r e s  e x i s t ,  w h e r e  b i o t u r b a t i o n  o c c u r r e d  a t  a  
h i g h e r  p a c e  t h a n  s e d i m e n t a t i o n  a s  i n  t h e  m u d d y  c h i n a  c l a y  
w a s t e  d e p o s i t s ,  b i o g e n i c  s e d i m e n t a r y  s t r u c t u r e s  p r e v a i l .
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N u m e r o u s  a t t e m p t s  a t  q u a n t i f y i n g  t h e  a c t u a l  r a t e s  o f  
b i o t u r b a t i o n  h a v e  b e e n  a t t e m p t e d  a n d  a r e  l i s t e d  i n  E k d a l e  e t  
a l  ( 1 9 8 4 )  a n d  T h a y e r  ( 1 9 8 3 ) .  C l i f t o n  8s H u n t e r  ( 1 9 7 3 )  o b s e r v e d  
t h e  c o m p l e t e  d e s t r u c t i o n  o f  p h y s i c a l  s e d i m e n t a r y  s t r u c t u r e s  
i n  t r o p i c a l  c a r b o n a t e  s a n d s  t o  a  d e p t h  o f  4 c m  i n  3 6  d a y s  a n d  
t o  a  d e p t h  o f  2 0 c m  o v e r  a  y e a r .  T h e  o n l y  d e p o s i t i o n  i n  
M e v a g i s s e y  B a y  s i n c e  t h e  c e s s a t i o n  o f  d u m p i n g  i s  t h e  p o s s i b l e  
r e w o r k i n g  o f  t h e  d e p o s i t s  d e s c r i b e d  i n  C h a p t e r  2 .  A n y  p h y s i c a l  
s e d i m e n t a r y  s t r u c t u r e s  p r o d u c e d  b y  t h i s  r e w o r k i n g  a r e  
d e s t r o y e d  b y  t h e  b i o t u r b a t o r s  a n d  w i l l  a l s o  d e s t r o y  p r e v i o u s l y  
f o r m e d  t r a c e s  w h i c h  r e s u l t s  i n  t h e  u b i q u i t o u s  a p p e a r a n c e  o f  
t h e  s e d i m e n t .
4 c ) P e l l e t s
A l l  t h e  i m p r e g n a t e d  b l o c k s  h a v e  a  v e r y  m o t t l e d  o r  
b i o t u r b a t e d  a p p e a r a n c e  a n d  d e t a i l s  s u c h  a s  p e l l e t  f i l l e d  
b u r r o w s  a n d  p e l l e t  f i l l e d  Turrltella c o m m u n i s  s h e l l  ( F i g u r e s ;  
2 0 a )  c o u l d  b e  i d e n t i f i e d .  T h e  p e l l e t s  a r e  o v a l  i n  s h a p e  a n d  
up t o  1mm l o n g  a n d  1mm w i d e .  T h e  p e l l e t s  w e r e  r e c o g n i s e d  i n  
a b u r r o w  ( s e e  F i g u r e  6 . 1 4  , P l a t e  6 . 7 ,  6 . 1 2 )  a n d  a l s o  w i t h i n  a
Turritella c o m m u n i s  s h e l l  ( f i g u r e  6 . 2 0 a ) .  I t  i s  l i k e l y  t h a t  
t h e  b u r r o w  w a s  a  s i t e  f o r  p e l l e t  f o r m a t i o n  a n d  t h e  T, 
communis  s h e l l  p r o v i d e s  p r o t e c t i o n  f r o m  t h e  d e s t r u c t i o n  b y  
c o m p a c t i o n  a n d  b i o t u r b a t o r s .  P e l l e t s  f o r m e d  o u t s i d e  s u c h  
l o c a l i t i e s  w o u l d  s o o n  b e  d e s t r o y e d  b y  s u b s e q u e n t  b i o t u r b a t o r s  
o r  e a r l y  c o m p a c t i o n .
4 d )  T h e  e f f e c t s  o f  b i o t u r b a t i o n  o n  s h e l l s  a n d  s h e l l  b e d s .
C o n c e n t r a t e d  c l u s t e r s  o f  s h e l l  f r a g m e n t s  w e r e  co m m o n .  T h e s e  
c l u s t e r  a r e  p r o b a b l y  ext r i n s i c  b i o g e n i c  c o n c e n t r a t i o n s  
( K i d w e l l  e t  a l  1 9 8 6 )  w h i c h  m e a n s  t h e y  w e r e  p r o d u c e d  b y  a  
d i f f e r e n t  s p e c i e s  t h a n  t h e  m o l l u s c  s p e c i e s  w h o s e  s h e l l  
f r a g m e n t s  c o m p r i s e  t h e  c o n c e n t r a t i o n .  T h e  t u b e  d w e l l i n g  
p o l y c h a e t e  Pec tinaria g o u l d i a  h a s  b e e n  o b s e r v e d  c o n c e n t r a t i n g
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Plate 6.12; Pellets infilling burrow, from sample Be A (station 4.04).
S h e l l  f r a g m e n t s  i n t o  c l u s t e r s  6 - ô c m  b e l o w  t h e  s e d i m e n t  w a t e r  
i n t e r f a c e  ( W i l s o n  1 9 8 2 ) ,  S h e l l  d e b r i s  i s  a l s o  c o n c e n t r a t e d  a t  
t h e  b a s e  o f  Callianassa  s h r i m p  b u r r o w s  ( T u d h o p e  & S c o f f i n  
1 9 8 3 ) .
E c h i n o c a r d i u m  c o rdatum  a n d  t h e  t w o  s p e c i e s  o f  C a l l i a n a s s i d
s h r i m p s ;  Upogebia  s p .  a n d  Callianassa  s p .  a r e  t h o u g h t  t o
a c c o u n t  f o r  a  l a r g e  a m o u n t  o f  t h e  b i o t u r b a t i o n  p r e s e n t .  T h i s
i s  b e c a u s e  t h e y  a r e  l a r g e  a n d  m o b i l e .  E c h i n o c a r d i u m  c ordatum
i s  c a p a b l e  o f  d i s p l a c i n g  7  x  10  c m " " ’ o f  s e d i m e n t  a  d a y  a n d
Upogebia  s p .  , 2 . 5 c m " ' - '  a  d a y  ( T h a y e r  1 9 8 3 ) .  T h e  s h r i m p  b u r r o w s
a r e  o f t e n  o v e r  a 1cm w i d e  a n d  e x t e n d  d o w n  s o m e  2 0 c m  i n t o  t h e
s e d i m e n t .  O t h e r  w o r k e r s  h a v e  f o u n d  r e l a t e d  s p e c i e s  d ow n  t o
d e p t h s  o f  8 0 c m  ( e g  W i l s o n  1 9 8 2 ) .  T h e  s h r i m p s  ma y  b e  c a p a b l e  o f
m o v i n g  q u i t e  l a r g e  c l a s t s  o f  b o t h  l i t h o c l a s t i c  a n d  b i o g e n i c
o r i g i n  w h i c h  t h e y  c o m e  i n t o  c o n t a c t  w i t h  d u r i n g  b u r r o w i n g .
T u d h o p e  & S c o f f  i n  ( 1 9 8 3 )  d e s c r i b e  t h e  s o r t i n g  o f  s e d i m e n t  b y
Callianassa  s h r i m p s  i n  c a r b o n a t e  s e d i m e n t s  o n  t h e  G r e a t
B a r r i e r  R e e f ,  A u s t r a l i a .  C o a r s e  g r a i n s  r e m a i n  a t  t h e  b o t t o m  o f
b u r r o w s ,  w h i l e  t h e  f i n e  mud i s  c a r r i e d  t o  t h e  s u r f a c e .  T h i s
d e s t r o y s  t h e  o r i g i n a l  d e p o s i t i o n a l  f a b r i c  o f  t h e  s e d i m e n t .
Warme ( 1 9 6 7 )  d e s c r i b e s  t h e  m i x i n g  o f  s e d i m e n t  a n d  m o v e m e n t  o f
b i o c l a s t s  i n  c a r b o n a t e  s e d i m e n t s  i n  i n  t h e  M u g u  L a g o o n ,
C a l i f o r n i a .  W e i m e r  & H o y t  ( 1 9 6 4 )  r e c o g n i s e d  t h a t  C a l l i a n a s s i d
vJtS3> to
b u r r o w s  i n  m o d e r n  t i d a l  s a n d s ^  a n a l o g o u s ' ^ f  o s s i l  s e q u e n c e s .  
E c h i n o c a r d i u m  c o r d a t u m  c o u l d  d i s p l a c e  s h e l l s  a n d  p o s s i b l y  
b r e a k  t h e m  ( s e e  C h a p t e r  5 )  a s  i t  m o v e s  h o r i z o n t a l l y  t h r o u g h  
t h e  s e d i m e n t .  T h i s  w o u l d  a c c o u n t  f o r  t h e  p r e s e n c e  o f  v e r t i c a l  
Turritella c ommunis  a n d  Abra alba  s h e l l s  a n d  a l s o  t h e  h i g h  
n u m b e r  o f  d i s a r t i c u l a t e d  s h e l l s  p a r t i c u l a r l y  t h e  Abra alba  i n  
t h e  m u d s .
M e l d a h i  ( 1 9 8 7 )  s u g g e s t e d  b i o t u r b a t i o n  p l a y e d  a  s i g n i f i c a n t  
r o l e  i n  t h e  f o r m a t i o n  o f  s h e l l  b e d s  o n  t i d a l  f l a t s .
T h e r e  i s  n o  s h a r p  b o u n d a r y  b e t w e e n  t h e  s h e l l  g r a v e l  a n d  
o v e r l y i n g  c l a y  w a s t e .  W h i l e  t h i s  c o u l d  b e  a  r e f l e c t i o n  o f  t h e
291
g r a d u a l  i n c r e a s e  i n  c h i n a  c l a y  d u m p i n g ,  i n  t h e  e a r l y  s t a g e s  i t  
a l s o  s e e m s  p o s s i b l e  t h a t  c o a r s e  c l a s t s  c o u l d  h a v e  b e e n  m o v e d  
f r o m  t h e  g r a v e l  i n t o  t h e  o v e r l y i n g  m u d s  b y  b u r r o w e r s .
F r o m  t h e  d i s c u s s i o n  i n  C h a p t e r  2 ,  i t  i s  c o n s i d e r e d  t h a t  
t r a n s p o r t  a n d  e r o s i o n  o f  s e d i m e n t  b y  w a t e r  m o v e m e n t  o c c u r s  
o n l y  r a r e l y .  S t o r m s ,  h o w e v e r , m u s t  o c c u r  w h i c h  m a y  f o r m  s h e l l  
b e d s .  H o w e v e r ,  t h e y  a r e  u n l i k e l y  t o  b e  p r e s e r v e d  f o r  l o n g  a s  
t h e y  w i l l  b e  d e s t r o y e d  b y  b i o t u r b a t i o n  w i t h i n  w e e k s  o r  m o n t h s  
( C l i f t o n  & H u n t e r  1 9 7 3 ) .
T h e  r e s u l t  o f  t h e  b i o g e n i c  m i x i n g  i s  t h a t  t h e  c l a y  w a s t e  a n d  
i t s  s h e l l s  a r e  i n  p a l a e o n t o l o g i c a l  a n d  s e d i m e n t o l o g i c a l  t e r m s ,  
a s i n g l e  u n i t .  S t u d i e s  o f  f o s s i l  o r  b i o c l a s t  s t r a t i f i c a t i o n  
t h r o u g h  t h e  c l a y  w a s t e  d e p o s i t  a n d  t o  s o m e  e x t e n t  t h e  
u n d e r l y i n g  g r a v e l  c o u l d  b e  f r u i t l e s s  a n d  p o s s i b l y  m i s l e a d i n g  
a s  t h e  w h o l e  d e p o s i t  o r  b e d  a p p e a r s  t o  b e  m i x e d  b y  
b i o t u r b a t i o n .  M a t e r i a l  i n  t h e  s h e l l  g r a v e l  c o u l d  b e  b o u g h t  up  
i n t o  t h e  o v e r l y i n g  c h i n a  c l a y  w a s t e .  P r e s u m a b l y  t h e  t h i n n e r  
t h e  c h i n a  c l a y  c o v e r  t h e  m o r e  c o m p l e t e  t h i s  m i x i n g  w i l l  b e .  
T h i s  h a s  i m p l i c a t i o n s  f o r  s h e l l  a c c u m u l a t i o n  a n d  t a p h o n o m i c  
f e e d b a c k  a s  d i s c u s s e d  i n  C h a p t e r  7 .
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4 e >  C o m p a r i s o n  o f  t h e  t r a c e  a s s e m b l a g e s  t o  a s s e m b l a g e s  
r e c o r d e d  e l s e w h e r e
P y e  ( 1 9 8 0 )  a n d  D o r j e s  & H e r t w e c k  ( 1 9 7 5 )  h a v e  r e v i e w e d  t h e  
m a j o r i t y  o f  c a s e  s t u d i e s  o n  t h e  i c h n o l o g y  o f  r e c e n t  
s u b l i t t o r a l  s e d i m e n t s .  T h e y  i n c l u d e  t h e  N o r t h  S e a  ( R e i n e c k  e t  
a l  1 9 6 8 ,  H e r t w e c k  1 9 7 0 ) ,  t h é  G u l f  o f  G a e t a  o f  I t a l y  ( H e r t w e c k  
1 9 7 3 ,  R e i n e c k  & S i n g h  1 9 7 1 )  a n d  o f  S a p e l o  I s l a n d ,  G e o r g i a  USA  
( H e r t w e c k  1 9 7 2 ,  H o w a r d  à R e i n e c k  1 9 7 2 A  & B,  D d r j e s  & H o w a r d  
1 9 7 5 )  a n d  S c o t l a n d  ( P y e  1 9 8 0 ) .
I n  a l l  t h e s e  s t u d i e s  a  t r a n s i t i o n  f r o m  l i t t o r a l  s e d i m e n t s  t o  
s u b l i t t o r a l  s e d i m e n t s  r e v e a l e d  a  g r a d u a l  c h a n g e  f r o m  p h y s i c a l  
s e d i m e n t a r y  s t r u c t u r e s  d u e  t o  t h e  c o n s t a n t  r e w o r k i n g  o f  
s e d i m e n t s  b y  w a v e  a c t i o n  a n d  t h e  s p a r s e  i n f a u n a  t o  t o t a l l y  
b i o t u r b a t e d  s e d i m e n t s  b e l o w  t h e  w a v e  b a s e  w h e r e  t h e r e  w a s  a  
r i c h  i n f a u n a  w i t h  o n l y  v e r y  r a r e  r e w o r k i n g  b y  c u r r e n t s  o r  
s t o r m s  ( D ü r j e s  & H e r t w e c k  1 9 7 5 ,  H o w a r d  & R e i n e c k  1 9 7 2 A  & B,  
H e r t w e c k  1 9 7 3  a n d  R e i n e c k  e t  a l  1 9 6 8 ) .  On P e n t e w a n  b e a c h  t h e  
p i t s  d u g  i n t o  t h e  s a n d y  c h i n a  c l a y  w a s t e  d e p o s i t s  d e s c r i b e d  i n  
C h a p t e r  2 r e v e a l e d  c r o s s  a n d  p l a n a r  l a m i n a t e d  s a n d s .  T h e  
s u r f a c e  w a s  i n  p l a c e s  c o v e r e d  b y  r i p p l e s .  T h e  b o x - c o r e s  t a k e n  
i n  t h e  s i l t y  c h i n a  c l a y  w a s t e  w e r e  e x t e n s i v e l y  b i o t u r b a t e d  a n d  
p h y s i c a l  s e d i m e n t a r y  s t r u c t u r e s  w e r e  v e r y  r a r e .  A t r a n s i t i o n  
f r o m  t h e  b e a c h  t o  t h e ^ c l a y  s i l t s  t h r o u g h  t h e  s u b l i t t o r a l  s a n d s  
may b e  p r e s e n t  b u t  i t  w a s  n o t  p o s s i b l e  t o  g e t  i n s i t u  s e d i m e n t  
s a m p l e s  f r o m  t h e  s u b l i t t o r a l  s a n d  a n d  m u d d y  s a n d s  j u s t  
o f f s h o r e  f r o m  P e n t e w a n .
O f  t h e  v a r i o u s  s t u d i e s  l i s t e d  a b o v e  t h e  o n e  y i e l d i n g  a  t r a c e  
a s s e m b l a g e  a n d  l i v i n g  f a u n a  m o s t  s i m i l a r  t o  M e v a g i s s e y  B a y  i s  
f r o m  t h e  m u d s  a t  15m d e p t h  i n  t h e  G u l f  o f  G a e t a ,  I t a l y .  T h e  
f a u n a  w a s  d e s c r i b e d  b y  H e r t w e c k  ( 1 9 7 3 )  a s  a n  Amphiura chiajei 
c o m m u n i t y  a n d  i n c l u d e d  t h e  f o l l o w i n g  s p e c i e s ;  Melinna palmata, 
Glycera s p .  Notomastus latericeus, Cucumaria elongata, Abra 
alba, Nucula nucleus, Corbula gibba a n d  Turritella communis.
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T h e  b u r r o w s  a n d  t r a c e s  o f  Echinocardium cordatum w e r e  
p a r t i c u l a r l y  c o m m o n .  M u d d y  s a n d s  f o u n d  i n  t h e  G e r m a n  B i g h t  i n  
3 0 m  o f  w a t e r  a l s o  t o t a l l y  m o t t l e d  b y  t h e  t r a c e  o f  
Echinocardium cordatum b u t  Notomastus latericeus w a s  l e s s  
common ( R e i n e c k  e t  a l  1 9 6 8 ) .
D ü r j e s  & H o w a r d  ( 1 9 7 5 )  p r o d u c e d  a  m o d e l  i l l u s t r a t i n g  t h e  
d i s t r i b u t i o n  a n d  z o n a t i o n  o f  t h e  t r a c e  f o s s i l  a s s e m b l a g e  o r  
L e b e n s s p u r e n  b a s e d  . o n  t h e i r  s t u d i e s  ( F i g u r e  6 . 2 2 ) .  T h e  
a s s e m b l a g e s  o f  t r a c e s  s e e n  i n  M e v a g i s s e y  B a y  i n c l u d e s  b o t h  
v e r t i c a l ,  o b l i q u e ,  b r a n c h i n g  a n d  u n b r a n c h i n g  b u r r o w s  a n d  
Echinocardium cordatum t r a c e s .  S u c h  a n  a s s e m b l a g e  w h e n  
c o m p a r e d  t o  t h e  D o r j e s  & H e r t w e c k  ( 1 9 7 5 )  m o d e l  ( F i g u r e  6 . 2 2 )  
c o m p a r e s  t o  t h e i r  U p p e r  o f f s h o r e  z o n e  a n d  p e r h a p s  e x t e n d i n g  
i n t o  t h e  L o w e r  o f f s h o r e .  T h i s  c l o s e  a g r e e m e n t  c o n f i r m s  t h e  
a c c u r a c y  o f  t h e i r  m o d e l .
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4f> Comparison of the trace assemblage to other polluted sites
P y e  ( 1 9 8 0 )  X - r a y e d  c o r e s  f r o m  a  v a r i e t y  o f  h a b i t a t s  i n  t h e  
s e a - l o c h s  a n d  o p e n  s e a  o f  W e s t e r n  S c o t l a n d .  S om e  s i t e s  w e r e  
s u b j e c t e d  t o  o r g a n i c  e n r i c h m e n t  b y  t h e  d u m p i n g  o f  s e w a g e  
s l u d g e  ( F i r t h  o f  C l y d e )  o r  c e l l u l o s e  f r o m  p a p e r  m i l l s .  P e a r s o n  
& R o s e n b e r g  ( 1 9 7 8 )  i l l u s t r a t e d  t h e  c h a n g e  s e e n  i n  t h e  b e n t h i c  
m a c r o - f a u n a  w i t h  i n c r e a s i n g  o r g a n i c  e n r i c h m e n t  ( F i g u r e  6 . 2 3 )  
a n d  c o n c l u d e d  t h e r e  e x i s t  a  n o r m a l  z o n e ,  a  t r a n s i t o r y  z o n e ,  a  
p o l l u t e d  z o n e  a n d  a  g r o s s l y  p o l l u t e d  z o n e .  T h e  t r a c e s  t h e y  
i l l u s t r a t e d  i n  t h e  s u m m a r y  d i a g r a m  w e r e  b a s e d  o n  a q u a r i u m
e x p e r i m e n t s ,  h o w e v e r ,  P y e  ( 1 9 8 0 ) ,  t o o k  b o x  c o r e s  f r o m  t h e s e  
v a r i o u s  z o n e  a n d  f o u n d  t h a t  e a c h  z o n e  p r o d u c e d  t h e  t r a c e s  
i l l u s t r a t e d  i n  F i g u r e  6 . 2 4 .  No f a u n a  l i v e d  i n  t h e  g r o s s l y
p o l l u t e d  s e d i m e n t s  s o  n o  t r a c e s  w e r e  p r o d u c e d .  T h e  p o l l u t e d  
z o n e  c o n t a i n e d  a  l a r g e  n u m b e r  o f  a  f e w  o p p o r t u n i s t i c  s p e c i e s  
( P e a r s o n  & R o s e n b e r g  1 9 7 8 ) .  T h e  C a p i t e l l i d  p o l y c h a e t e  
Capi tella capitata, a  common i n d i c a t o r  o f  p o l l u t i o n j c o n s t r u c  t s  
a d e n s e  n e t w o r k  o f  b u r r o w s  i n  t h e  t o p  4 c m  o f  t h e  s e d i m e n t .  T h e  
t r a n s i t o r y  z o n e  c o n t a i n s  a n  e n r i c h e d  f a u n a  w i t h  m o r e  s p e c i e s  a  
h i g h e r  b i o m a s s  t h a n  i n  t h e  n o r m a l  z o n e  ( P e a r s o n  & R o s e n b e r g
1 9 7 8 )  a n d  t h i s  w a s  r e f l e c t e d  i n  t h e  b o x  c o r e s  b y  a n  i n c r e a s e d
n u m b e r  o f  b u r r o w s .  L a r g e  n u m b e r s  o f  s p i o n i d  t u b e s  a n d  s h a l l o w  
U - b u r r o w s  b u i l t  b y  Seali bregma inflatum w e r e  f o u n d .  T h e  n o r m a l  
z o n e  a t  a  s h a l l o w  m a r i n e  s i t e  c o m p a r a b l e  i n  d e p t h  t o  
M e v a g i s s e y  B a y  c o n s i s t e d  o f  b u r r o w s  w h i c h  i n c l u d e d  2mm
b r a n c h i n g  b u r r o w s  a n d  t u b e s ,  s h a l l o w  U - t u b e s ,  a n d  s p i r a l
b u r r o w s  (.Notomastus latericeus).
O f  t h e  f o u r  z o n e s  d e s c r i b e d  a b o v e ,  t h e  t r a c e  a s s e m b l a g e  
i l l u s t r a t e d  i n  t h e  c o r e s  t a k e n  i n  t h e  c h i n a  c l a y  mud i s  m o s t  
c o m p a r a b l e  t o  t h e  N o r m a l  z o n e  ( P e a r s o n  & R o s e n b e r g  1 9 7 8 )  
d e f i n e d  b y  P y e  ( 1 9 8 0 )  a n d  t h e  U p p e r — L o w e r  o f f s h o r e  z o n e i ^ o t h e r  
u n p o l l u t e d  s i t e s  ( D ü r j e s  & H e r t w e c k ,  1 9 7 5 ) .  A s  d i s c u s s e d  i n  
C h a p t e r  4^ c h i n a  c l a y  w a s t e  i s  a n  i n e r t  f o r m  o f  p o l l u t i o n  a n d




i  L # #
ANAEROBIC
SEDIMENT
m s m. f ' , ' i'Zk
ZONE N O R M A L TRANSITORY POLLUTED GROSSLY POLLUTED
Nucula • Lobidoplox Choetozone Capilella No MACROFAUNA
TYFICAL Amphiura Corbula Anailides Scoielepij
MACRO- Terebeiiidej G oniada Pectinaria Surface covered by
FAUNA Rliodine Thyasira Myriochele Fibre 'blanket*
DOMI­ Echinocardium Phoioe Ophiodromus
NANTS Neohroos
F i g u r e  6 . 2 3 :  D i a g r a m  o f  c h a n g e s  i n  f a u n a  a n d  s e d i m e n t
s t r u c t u r e  a l o n g  a  g r a d i e n t  o f  o r g a n i c  e n r i c h m e n t  ( f r o m  P e a r s o n  










Figure 6.24: Trace morphology in relation
to level of pollution (from Pye 1980)
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w a s  c o n s i d e r e d  t o  b e  m i n i m a l .  T h e  n o r m a l  t r a c e s  a s s e m b l a g e s  
r e c o r d e d  t h r o u g h o u t  t h e  c o r e s  i n  M e v a g i s s e y  B a y  s u p p o r t s  t h i s  
c o n c l u s i o n .
4g>  P r e s e r v a t i o n  o f  t h e  t r a c e s  i n  t h e  f o s s i l  r e c o r d
O f  t h e  t h r e e  m e t h o d s  o f  s t u d y i n g  t h e  t r a c e s  a n d  b u r r o w s  t h e  
i m p r e g n a t e d  b l o c k s  p r o b a b l y  a r e  t h e  b e s t  r e p r e s e n t a t i o n  o f  h o w  
t h e  mud w o u l d  a p p e a r  i n  t h e  f o s s i l  r e c o r d  i f  c o m p a c t i o n  w a s  
o n l y  m i n o r .  I t  s e e m  l i k e l y  t h a t  t h e  t r a c e s ,  h o w e v e r ,  w o u l d  b e  
c o m p r e s s e d  w i t h  c o m p a c t i o n .  T h e  r e s i n  m a y  m i m i c  a  c e m e n t  w h i c h  
c a n  o f t e n  r e v e a l  o t h e r w i s e  i n v i s i b l e  t r a c e s .  T h e  d r i e d  b l o c k s  
b e f o r e  i m p r e g n a t i o n  a p p e a r e d  s t r u c t u r e l e s s  b u t  a b u n d a n t  
d e t a i l s  c o u l d  b e  s e e n  a f t e r  t h e  i m p r e g n a t i o n .
H e r t w e c k  ( 1 9 7 2 )  f o u n d  t h a t  15% o f  t h e  t a x a  i n  t h e  l i v i n g  
b e n t h i c  f a u n a  o f  S a p e l o  I s l a n d  i n  G e o r g i a ,  USA,  p r o d u c e d  
p r e s e r v a b l e  t r a c e s .  H o w e v e r ,  m o s t  t r a c e s  a r e  p r e s e r v e d  w h e r e  
t h e r e  i s  a  c o n t r a s t  i n  s e d i m e n t  t y p e  ( H a l l a m  1 9 7 5 )  a n d  t h i s  
c o u l d  a c c o u n t  f o r  t h e  l a c k  o f  a  l a r g e  n u m b e r  o f  p r e s e r v a b l e  
t r a c e s  i n  t h i s  s t u d y  a s  t h e  m u d d y  c h i n a  c l a y  w a s  g e n e r a l l y  
h o m o g e n e o u s .  T h e  o n l y  s p e c i e s  w h i c h  l e a v e s  r e c o g n i s a b l e  t r a c e s  
i n  a b u n d a n c e  i s  Echinocardium corda turn.
B u r r o w s  a n d  t r a c e s  i n  h o m o g e n e o u s  s e d i m e n t s  m a y  b e  p r e s e r v e d  
f r o m  c o m p a c t i o n  b y  l a t e r  d i a g e n e t i c  c o n c e n t r a t i o n  o f  m i n e r a l s  
s u c h  a s  c a l c i t e ,  c h e r t  o r  d o l o m i t e  ( H a l l a m  1 9 7 5 ) .  D o l o m i t i c  
n o d u l e s  h a v e  b e e n  f o u n d  f o r m i n g  a r o u n d  c r u s t a c e a n  b u r r o w s  f r o m  
muds i n  L o c h  S u n a r t  a n d  t h e  F i r t h  o f  C l y d e  ( B r o w n  & F a r r o w  
1 9 7 8 )  a n d  f l i n t  c o n c r e t i o n s  r e v e a l  t h e  e x i s t e n c e  o f  b u r r o w s  
i n  t h e  o t h e r w i s e  h o m o g e n e o u s  C r e t a c e o u s  c h a l k  o f  t h e  N o r m a n d y  
C o a s t  ( Q u i n e  1 9 8 8 ) .
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5 ) Conclusions
T h e  t r a c e s  p r o d u c e d  b y  t h e  i n f a u n a  l i v i n g  i n  t h e  s i l t y  c h i n a  
c l a y  w a s t e  h a v e  b e e n  d e s c r i b e d .  I m p r e g n a t i o n  t e c h n i q u e s  a r e  
t h e  b e s t  a n a l y t i c a l  t o o l  f o r  s t u d y i n g  d e t a i l s  b u t  t h e  o v e r a l l
t r a c e  a s s e m b l a g e  i s  b e s t  a p p r e c i a t e d  b y  r a d i o g r a p h y .
4
T h e  t r a c e  a s s e m b l a g e s  a r e  s i m i l a r  t o  o t h e r  r e c o r d e d  
a s s e m b l a g e s  f r o m  u n p o l l u t e d  f i n e  g a i n e d  s u b s t r a t e s .  T h e  d e g r e e  
o f  b i o t u r b a t i o n  i s  i n t e n s e  w i t h  p h y s i c a l  s e d i m e n t a r y  
s t r u c t u r e s  b e i n g  r a r e l y  p r e s e r v e d  a n d  e a r l i e r  f o r m e d  t r a c e s  
b e i n g  d e s t r o y e d  b y  l a t e r  b i o t u r b a t o r s . A s  a  c o n s e q u e n c e  t h e  
s i l t  h a s  a  v e r y  m o t t l e d  f a b r i c  w i t h  o n l y  a  s m a l l  n u m b e r  o f  
r e c o g n i s a b l e  t r a c e s .  S om e  o f  t h e s e  t r a c e s  a r e ,  h o w e v e r ,  o f  
o r g a n i s m s  w h i c h  h a v e  n o  p r e s e r v a b l e  h a r d  p a r t s  w h i c h  c o u l d  b e  
f o u n d  i n  t h e  d e a t h  a s s e m b l a g e  ( e g  Edwardsia callimorpha, 
Melinna palmata') s o  t h e i r  p r e s e n c e  w o u l d  b e  i n d i c a t e d  i n  a  
f u t u r e  g e o l o g i c a l  s e c t i o n .
T h e  t r a c e  a s s e m b l a g e s  f o r  t h e  Amphiura flliformis a n d  
Turritella communis s u b c o m m u n i t i e s  w e r e  n o t  s u f f i c i e n t l y  
d i f f e r e n t  t o  m a k e  i t  p o s s i b l e  t o  r e c o g n i s e  t h e  e x i s t e n c e  o f  
t h e  s u b c o m m u n i t i e s  b y  a n a l y s e s  o f  t h e s e  a s s e m b l a g e s .
E v i d e n c e  f o r  t h e  m o v e m e n t  o f  s h e l l s ,  s u c h  a s  r o t a t e d  
Turritella communis s h e l l s ,  s u g g e s t s  t h a t  b i o g e n i c  m i x i n g  o f  
t h e  s i l t  s u b s t r a t e  s e v e r e l y  r e s t r i c t s  t h e  p r e s e r v a t i o n  o f  
v e r t i c a l  c h a n g e s  t h r o u g h  a  s e q u e n c e  i n  p o t e n t i a l  f o s s i l  
a s s e m b l a g e s .
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CHAPTER 7
F i-j. is uir- o c: hanges oF c ommuti-L ± t  ± es and 
s e d ±men t  s o f  Me v a g is s e y  Bay
1)  T h e  f o r m a t i o n  o f  s h e l l  g r a v e l s
P r e v i o u s  c h a p t e r s  h a v e  c o n s i d e r e d  t h e  p r e s e n t  s e d i m e n t s  a n d  
b e n t h i c  f a u n a  M e v a g i s s e y  B a y  w h i l e  p r e v i o u s  s u r v e y s  ( H o w e l l  & 
S h e l t o n  1 9 7 0 ,  P r o b e r t  1 9 7 3 ,  1 9 7 5 )  t o g e t h e r  w i t h  d e a t h
a s s e m b l a g e  a n a l y s i s  a n d  c o r i n g  h a s  d e m o n s t r a t e d  t h e  p a s t  
s e d i m e n t o l o g y  a n d  e c o l o g y  o f  t h e  b a y .  T h i s  c h a p t e r  d i s c u s s e s  
t h e  p o s s i b l e  f u t u r e  c h a n g e s  o f  b o t h  t h e  f a u n a  a n d  s e d i m e n t s  o f  
t h e  b a y  w i t h  e m p h a s i s  o n  t h e  s i l t  s u b s t r a t e  a n d  c o m m u n i t y .
W i t h  t h e  d e l i b e r a t e  c e s s a t i o n  o f  c l a y  w a s t e  d u m p i n g  i n
M e v a g i s s e y  B a y ,  n o w  o n l y  v e r y  m i n o r  a m o u n t s  o f  n e w  s i l i c e o u s  
s e d i m e n t  i s  b o u g h t  i n t o  t h e  b a y .  D e p o s i t i o n  a p p e a r s  t o  o c c u r  
o n l y  a f t e r  h e a v y  r a i n f a l l  w h e n  s m a l l  p l u m e s  o f  s u s p e n d e d  
m a t e r i a l  a r e  s e e n  e x t e n d i n g  f r o m  t h e  m o u t h  o f  t h e  W h i t e  R i v e r  
( P l a t e s  1 . 2 a  a n d  1 . 2 b ) .  A l a r g e  p r o p o r t i o n  o f  t h e  b e n t h i c  
f a u n a  l i v i n g  i n  t h e  s i l t  w a s t e  h a v e  a  c a l c a r e o u s  s k e l e t o n  ( s e e  
C h a p t e r  5 )  w h i c h  a f t e r  d e a t h  w i l l  r e m a i n  w i t h i n  i n  t h e  s i l t  
s u b s t r a t e .  T h e  a c c u m u l a t i o n  o f  t h e  s h e l l s  a n d  s h e l l  f r a g m e n t s  
w i l l  i n c r e a s e  t h e  p r o p o r t i o n  o f  c a r b o n a t e  i n  t h e  s e d i m e n t  a n d  
a s  m o s t  s h e l l s  a r e  l a r g e r  t h a n  t h e  s i l i c l a s t i c  g r a i n s  t h e  
s e d i m e n t  w i l l  c o a r s e n .  T h e  p r o c e s s e s  w h e r e b y  c a r b o n a t e
d e p o s i t i o n  r a t e s  e x c e e d  s i l i c l a s t i c  d e p o s i t i o n  r a t e  i s  t h e  
b a s i s  f o r  t h e  m o d e l s  o f  W i l s o n  ( 1 9 8 2 ,  i n  P r e s s )  f o r  t h e  
f o r m a t i o n  o f  t e m p e r a t e  c a r b o n a t e s  o r  s h e l l  g r a v e l s  a n d  t h e
m o r e  g e n e r a l  m o d e l s  o f  K i d w e l l  & J a b l o n s k i  ( 1 9 8 3 )  a n d  K i d w e l l
( 1 9 8 5 ,  1 9 8 6 a ,  1 9 8 6 b ) .
T e m p e r a t e  c a r b o n a t e  w e r e  f i r s t  d i s t i n g u i s h e d  f r o m  t r o p i c a l  
c a r b o n a t e s  b y  C h a v e  ( 1 9 6 4 )  a n d  l a t e r  d e s c r i b e d  a s  F o r a m o l  b y  
L e e s  a n d  B u l l e r  ( 1 9 7 2 )  b e c a u s e  t h e y  w e r e  c h a r a c t e r i s e d  b y
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f o r a m i n i f e r a ,  m o l l u s c s  a n d  a l s o  c o r a l l i n e  a l g a e  w h i l e
t r o p i c a l  c a r b o n a t e s  w e r e  t e r m e d  c h l o r o z o a n  a f t e r  t h e  t h e
c h a r a c t e r i s t i c  g r e e n  a l g a e ,  c o r a l s  a n d  b r y o z o a n s .  T e m p e r a t e  
c a r b o n a t e s  h a v e  b e e n  d e s c r i b e d  f r o m  t h e  w e s t  c o a s t  o f  I r e l a n d  
( B o s e n c e  1 9 7 6 ,  1 9 8 0 ) ,  t h e  w e s t  c o a s t  o f  S c o t l a n d  ( F a r r o w  e t  a l
1 9 7 8 ) ,  t h e  O r k n e y  S h e l f  ( F a r r o w  e t  a l  1 9 8 4 ) ,  t h e  R o c k a l l  B a n k  
( W i l s o n  1 9 7 9 )  a n d  i n  t h e  w e s t e r n  a p p r o a c h e s  t o  t h e  E n g l i s h
C h a n n e l  ( S t u r r o c k  1 9 8 2 ) .  T h e y  a r e  a l s o  f o u n d  a l o n g  t h e
n o r t h e r n  a n d  s o u t h e r n  t i p s  o f  N e w  Z e a l a n d  ( N e l s o n  e t  a l  1 9 8 2 ,  
N e l s o n  8s H a n c o c k  1 9 8 4 ,  N e l s o n  & J o r d a n  1 9 8 6 ,  Kamp & N e l s o n  
1 9 8 8 ) ,  a l o n g  t h e  w e s t  c o a s t  o f  N e w f o u n d l a n d  ( M ü l l e r  & 
M i l l i m a n  1 9 7 3 )  a n d  a r o u n d  N . W .  V a n c o u v e r  I s l a n d  ( N e l s o n  & 
B o r n h o l d  1 9 8 3 ) .  A n a l o g o u s  C e n o z o i c  s e d i m e n t s  h a v e  b e e n
d e s c r i b e d  f r o m  N e w  Z e a l a n d  b y  N e l s o n  ( 1 9 7 8 )  a n d  P e r m i a n  o f
T a s m a n i a  ( R a o  1 9 8 1 ) .  T h e s e  a u t h o r s  r e c o g n i s e  t h a t  t h e  o n e  
p r e v a i l i n g  f a c t o r  l e a d i n g  t o  t h e  f o r m a t i o n  o f  t h e s e  s e d i m e n t s
i s  t h e  l a c k  o f  t e r r i g e n o u s  s e d i m e n t  d e p o s i t i o n .
T h e  m o d e l  f o r  t h e  f o r m a t i o n  o f  t e m p e r a t e  c a r b o n a t e s  p r o p o s e d  
b y  W i l s o n  ( 1 9 8 2 )  s t a r t s  w i t h  s u b m e r g e n c e  o f  a  g l a c i a l
l a n d s c a p e  w h i c h  i s  c o m p o s e d  o f  b o u l d e r s  a n d  l a r g e r  r o c k y  
o u t c r o p s  s u r r o u n d e d  b y  g l a c i a l  t i l l .  A s  t h e  s e a  l e v e l  r i s e s ,  
t i d a l  c u r r e n t s  s o r t  t h e  s a n d  i n t o  s a n d  s h e e t s  w i t h  s a n d  w a v e s  
i f  t h e  c u r r e n t  i s  s t r o n g  a n d  r i p p l e s  w h e r e  i t  i s  w e a k e r .  W h e r e  
t h e  s e d i m e n t  i s  i n  s m a l l  s u p p l y  t h e  s a n d  w i l l  a c c u m u l a t e  i n  
p a t c h e s .  I n  a r e a s  w h e r e  t h e r e  i s  n o t  m u c h  i m p o r t  o f  s e d i m e n t  
b y  c u r r e n t s  o r  r i v e r s  t h e  o n l y  a d d i t i o n a l  s o u r c e  w i l l  b e  
b i o g e n i c  i n  o r i g i n .  T h e  c o b b l e s  a n d  b o u l d e r s  w i l l  b e  c o l o n i s e d  
b y  e p i f a u n a  s u c h  a s  b a r n a c l e s ,  b r y o z o a n s  a n d  s e r p u l i d  
p o l y c h a e t e s ,  i n a r t i c u l a t e  b r a c h i o p o d s ,  b i v a l v e s  s u c h  a s  Area 
s p .  , o p h i u r o i d s  a n d  r e g u l a r  e c h i n o i d s  s u c h  a s  Echinus echinus. 
I n  t h e  s a n d s ,  b i v a l v e s ,  g a s t r o p o d s  a n d  s c a p h o p o d s  a s  w e l l  a s  
i r r e g u l a r  e c h i n o i d s  a n d  o p h i u r o i d s  w i l l  b e c o m e  e s t a b l i s h e d .  
T h e i r  b u r r o w i n g  a n d  f e e d i n g  a c t i v i t i e s  p r o d u c e  b i o t u r b a t i o n  
w i t h i n  t h e  s e d i m e n t .  T h e  f a u n a  i n  t h e  r i p p l e d  s a n d  z o n e s  
b e c o m e  h i g h l y  d i v e r s e  b u t  w h e r e  t h e  t i d a l  c u r r e n t s  a r e
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s t r o n g e r  o n l y  a  f e w  s p e c i e s  c o l o n i s e  t h e  z o n e  a n d  n o  i n f a u n a  
d e v e l o p .  A s  t h e  f a u n a  b e c o m e s  e s t a b l i s h e d  t h e  s h e l l s  w i l l
a c c u m u l a t e  i n  t h e  s a n d  w h i c h  w i l l  g r a d u a l l y  c o a r s e n  t h e  
s u b s t r a t e .  T h i s  w a s  t h o u g h t  t o  h a v e  b e e n  o b s e r v e d  i n  t h e  
s e d i m e n t  o f  t h e  I r i s h  S e a  b y  D o b s o n  e t  a l  < 1 9 7 1 ) .  T h e  i n i t i a l  
s a n d  b o r r o w e r s  w i l l  f i n d  i t  i n c r e a s i n g l y  h a r d e r  t o  p e n e t r a t e  
t h e  s e d i m e n t  a s  i t  b e c o m e s  c o a r s e r  a n d  t h e y  t h e y  w i l l
g r a d u a l l y  d i e  o u t  a n d  b e  r e p l a c e d  b y  s p e c i e s  w h i c h  c a n  b u r r o w  
i n  t h e  c o a r s e r  s u b s t r a t e  ( K e a r y  & K e e g a n ,  1 9 7 5 ) .  B e c a u s e  o f  
t h e  l a c k  o f  f i n e  g r a i n e d  a n d  o r g a n i c  m a t t e r  i n  t h e  c o a r s e r  
s e d i m e n t s  d e p o s i t  f e e d i n g - t a x a  i n  p a r t i c u l a r  w i l l  d e c l i n e  i n  
a b u n d a n c e  a n d  s u s p e n s i o n  f e e d e r s  w i l l  i n c r e a s e  a s  t h e  s h e l l -  
s e d i m e n t  r a t i o  i n c r e a s e .
T h e  r e c o g n i t i o n  o f  t w o  t y p e s  o f  t e m p e r a t e  c a r b o n a t e s ,  t h o s e  
w i t h  a  p r e x i s t i n g  s a n d y  s u b s t r a t e  t o  c o l o n i s e  a n d  t h o s e  t h a t  
d o  n o t ,  w a s  e m p h a s i s e d  i n  t h e  l a t e r  m o d e l  o f  W i l s o n  ( i n
P r e s s ) .  C a l c a r e o u s  s e d i m e n t s  f o r m i n g  o n  a  r o c k y  s u b s t r a t e  a r e  
d o m i n a t e d  b y  b a r n a c l e s  a n d  b r y o z o a n s  w h i l e  t h o s e  i n  a  s a n d y
s u b s t r a t e  a r e  d o m i n a t e d  b y  b i v a l v e s  f r a g m e n t s .  I n  C h a p t e r  2 
a n d  C h a p t e r  5 t h e  g r a v e l s  o n  t h e  e a s t e r n  m a r g i n  o f  t h e  b a y  a n d  
b e l o w  t h e  c h i n a  c l a y  w a s t e  w e r e  s h o w n  t o  b e  d o m i n a t e d  b y  
i n f a u n a  m o l l u s c s  s h e l l s .  T h e s e  g r a v e l s  a r e  b e s t  d e s c r i b e d  a s  
m u d d y  s h e l l  g r a v e l s  b e c a u s e  o f  t h e  e x i s t e n c e  o f  a  p r e x i s t i n g  
c l a s t i c  s u b s t r a t e  i n t o  w h i c h  i n f a u n a l  m o l l u s c s  c o u l d  i n h a b i t .  
I n  t h e  s h a l l o w e r  m o r e  t u r b u l e n t  w a t e r s  a t  t h e  s o u t h e r n  l i m i t  
o f  t h e  b a y ,  t h e  s h e l l s  s a n d s  a r e  f o u n d .  I n  t h e s e  b a r n a c l e s  
w e r e  f o u n d  t o  b e  v e r y  common a n d  t h e  c l a s t i c  c o n t e n t  s e l d o m  
e x c e e d  5%. I n  M e v a g i s s e y  B a y  i t  a p p e a r s  t h a t ,  W i l s o n ' s  ( i n  
p r e s s )  t w o  t y p e s  o f  s h e l l  g r a v e l s  a r e  p r e s e n t ,  b a r n a c l e s  
d o m i n a t e  s e d i m e n t s  w h e r e  t h e r e  w a s  a  m i n o r  o r  n o n - e x i s t e n t  
t e r r i g e n o u s  c o m p o n e n t  a n d  m o l l u s c s  d o m i n a t e  w h e r e  t h e r e  w a s  a  
p r e v i o u s  m u d d y  o r  s a n d y  s u b s t r a t e .  I  b e l i e v e  t h e r e f o r e ,  t h a t  
W i l s o n ' s  m o d e l  c a n  b e  a p p l i e d  s a t i s f a c t o r i l y  t o  e x p l a i n  t h e  
f o r m a t i o n  o f  t h e  s h e l l  g r a v e l s  a n d  s a n d s  f o u n d  i n  M e v a g i s s e y  
B a y .
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A s i m i l a r  m e c h a n i s m  o f  s h e l l  a c c u m u l a t i o n  f o r  t h e  f o r m a t i o n  
o f  s h e l l  b e d s  i n  f o s s i l  s e q u e n c e s  h a s  b e e n  s u g g e s t e d  b y  
K i d w e l l  & J a b l o n s k i  ( 1 9 8 3 )  a n d  t e r m e d  t a p h o n o m i c  f e e d b a c k .  
T w o  m o d e s  o f  t a p h o n o m i c  f e e d b a c k  w e r e  r e c o g n i s e d  i n  b o t h .  
F i r s t  d e a d  h a r d p a r t s  o f  e a r l i e r  s p e c i e s  o r  " a d a p t i v e  t y p e s "  
f a c i l i t a t e  t h e  e s t a b l i s h m e n t  a n d  s u r v i v a l  o f  l a t e r  s p e c i e s  o r  
a d a p t i v e  t y p e s .  F o r  e x a m p l e ,  d e a d  s h e l l s  a t  o r  n e a r  t h e  
s e d i m e n t - w a t e r  i n t e r f a c e  p r o v i d e  a  h a r d  s u b s t r a t e  f o r  l a r v a l  
a n d  a d u l t  a t t a c h m e n t '  a n d  s t a b i l i z e  t h e  s u b s t r a t u m  f o r  f i r m -  
s e d i m e n t  d w e l l e r s .  T h i s  i s  a  t a p h o n o m i c  a n a l o g y  t o  e c o l o g i c a l  
f a c i l i t a t i o n  i n  t h e  s e n s e  o f  C o n n e l l  & S l a y t e r  ( 1 9 7 7 )  a n d  
e x a m p l e s  a r e  d i s c u s s e d  i n  K i d w e l l  & J a b l o n s k i  ( 1 9 8 3 )  i n  w h i c h  
l a t e r  s p e c i e s  c a n  b e c o m e  e s t a b l i s h e d  a n d  g r o w  o n l y  a f t e r  t h e  
e a r l i e r  o n e s  h a v e  m o d i f i e d  t h e  c o n d i t i o n s .
S e c o n d ,  w h e r e  b u r i e d  i n  a b u n d a n c e ,  d e a d  s h e l l s  i n h i b i t  o r  
p r e c l u d e  t h e  s u r v i v a l  o f  c e r t a i n  s p e c i e s  o r  a d a p t i v e  t y p e s  b y  
r e s t r i c t i n g  i n f a u n a l  h a b i t a t  s p a c e  a n d / o r  b y  a l t e r i n g  s e d i m e n t  
t e x t u r e s .  T h i s  i s  a n a l o g o u s  t o  t h e  e c o l o g i c a l  i n h i b i t i o n  m o d e l  
o f  C o n n e l l  & S l a y t e r  ( 1 9 7 7 )  w h e r e i n  " l a t e r  s p e c i e s  c a n n o t  g r o w  
t o  m a t u r i t y  i n  t h e  p r e s e n c e  o f  e a r l i e r  o n e s " .
T h i s  in-sltu b u i l d  o f  s h e l l s  t o  f o r m  a  s h e l l  g r a v e l  w i l l
o n l y  o p e r a t e  w h e n  h a r d p a r t  p r o d u c t i o n  r a t e  e x c e e d s  d e p o s i t i o n  
r a t e s .  T h i s  w a s  d e s c r i b e d  a s  " f a u n a l  c o n d e n s a t i o n "  b y  
F ü r s i c h  ( 1 9 7 8 ) .  T h e  c h a n g e  i n  b e n t h i c  c o m m u n i t y  d i s c u s s e d
a b o v e  w i l l  c a u s e  t h e  r e s u l t i n g  s h e l l  b e d  t o  b e  c o m p o s e d  o f
s p e c i e s  c o m m o n l y  f o u n d  i n  t h e  m u d d y  s u b s t r a t e  w i t h  s p e c i e s  
t y p i c a l  o f  a  g r a v e l  s u b s t r a t e  m i x e d  t o g e t h e r  ( K i d w e l l  &
J a b l o n s k i  1 9 8 3 ,  K i d w e l l  1 9 8 6 a ,  1 9 8 6 b ) .
T h e  s h e l l  b e d s  o f  C a l v e r t  a n d  C h o p t a n k  f o r m a t i o n s  f o u n d  I n  
M a r y l a n d  a n d  V i r g i n i a ,  USA a r e  e x a m p l e s  w h e r e  s u c h  b e d s  w h i c h  
s u p p o r t  t h e  t h e o r i e s  o f  t a p h o n o m i c  f e e d b a c k  b y  s h e l l  
a c c u m u l a t i o n  h a v e  b e e n  d e s c r i b e d  ( K i d w e l l  1 9 8 2 ,  1 9 8 4 ,  1 9 8 5 ,
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1 9 8 6 b ,  K i d w e l l  & J a b l o n s k i  1 9 8 3 ) ,  T h e s e  f o r m a t i o n  h a v e  
n u m e r o u s  u n c o n f o r m i t i e s  ( K i d w e l l  1 9 8 4 ) .
K i d w e l l  ( 1 9 8 5 ,  1 9 8 6 a )  p r o p o s e d  f o u r  t y p e s  o f  s h e l l  b e d s  b a s e d
o n  t h e  n a t u r e  o f  t h e  b e d  c o n t a c t s  ( f i g u r e  7 . 3 ) ;
T y p e  1; s h e l l  b e d s  w h i c h  g r a d e  f r o m  l e s s  f o s s i l i f e r o u s  
s e d i m e n t s  a n d  t e r m i n a t e  i n  o m i s s i o n  s u r f a c e s .  A s s u m e g  c o n s t a n t  
s h e l l  , i n p u t  t h e y  r e c o r d  a  s l o w  d o w n  f r o m  p o s i t i v e  t o
z e r o  n e t  s e d i m e n t a t i o n .
T y p e  I I ;  c o n c e n t r a t e s  a r e  t h e  s a m e  a s  t y p e  I  b u t  t h e y  
t e r m i n a t e  i n  e r o s i o n  s u r f a c e s  ( f r o m  p o s i t i v e  t o  n e g a t i v e  
d e p o s i t i o n ) .  B o t h  t h i s  t y p e  a n d  t y p e  I  a r e  a n a l o g o u s  t o  t h e  
f o r m a t i o n  o f  m o d e r n  s h e l l s  g r a v e l s  o f  W i l s o n  ( 1 9 8 2 ,  I n  p r e s s ) .
T y p e  I I I  a n d  I V ;  t h e s e  a r e  a r e  c h a r a c t e r i s e d  b y  a  b a s a l  
e r o s i o n  s u r f a c e  a n d  o m i s s i o n  s u r f a c e s  r e s p e c t i v e l y  a n d  g r a d e  
u p w a r d s  i n t o  l e s s  f o s s i 1 i f e r o u s  s e d i m e n t s  s o  r e c o r d  a n  
i n c r e a s e  i n  n e t  s e d i m e n t a t i o n  f r o m  n e g a t i v e  t o  z e r o  
s e d i m e n t a t i o n  r a t e s  t o  p o s i t i v e  r a t e s .  T h e  t y p e  Î Î Î  s i t u a t i o n  
i s  a n a l o g o u s  t o  t h e  s i t u a t i o n  n o w  i n  M e v a g i s s e y  B a y  w i t h  a  
s h e l l  g r a v e l  b e i n g  o v e r l a i n  b y  a s i l t .
T h e  m o d e l s  o f  W i l s o n  ( 1 9 8 2 ,  i n  P r e s s )  a n d  K i d w e l l  ( 1 9 8 6 a )  
a r e  r e m a r k a b l y  s i m i l a r  b u t ,  W i l s o n  a p p l i e s  h i s  a  m o d e l  t o  t h e  
f o r m a t i o n  o f  t e m p e r a t e  c a r b o n a t e s  a n d  K i d w e l l  t o  t h e  f o r m a t i o n  
o f  s h e l l y  f o s s i l  b e d s  b u t  n e i t h e r  a u t h o r  r e f e r s  t o  e a c h  o t h e r .  
N e i t h e r  a u t h o r  a t t e m p t e d  t o  p r o p o s e  a  p r e c i s e  t i m e  s c a l e  f o r  
p r o c e s s  t o  o c c u r .
I n  M e v a g i s s e y  B a y ^  i n  t h e  a b s e n c e  o f  s i l i c l a s t i c  i n p u t  t h e r e  
a r e  t h e  p r e r e q u i s i t e s  f o r  t h e  f o r m a t i o n  o f  a  s h e l l  g r a v e l  i n  
t h e  f u t u r e .  B y  c a l c u l a t i n g  t h e  p r o d u c t i o n  r a t e s  f o r  b i o g e n i c  
c a r b o n a t e  i n  t h e  s e d i m e n t s  o f  M e v a g i s s e y  B a y  i t  i s  p o s s i b l e  t o  
g a i n  s o m e  i n s i g h t  i n t o  t h e  r a t e  a t  w h i c h  t h e  p r o c e s s  o f  s h e l l
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g r a v e l  f o r m a t i o n  b y  t a p h o n o m i c  f e e d b a c k  c a n  o c c u r ,  < i e ,  d o e s  
t h e  p r o c e s s  d e s c r i b e d  a b o v e  t a k e  1 0 ' s ,  1 0 0 ' ,  1 0 0 0 ,  1 0 , 0 0 0 ' s  o r
e v e n  1 0 0 . 0 0 0 ' s  o f  y e a r s )  t o  t a k e  p l a c e .  T h e  f o l l o w i n g  s e c t i o n  
a t t e m p t s  t o  q u a n t i f y  t h e  r a t e  a t  w h i c h  s h e l l  g r a v e l  m a y  b e  
f o r m e d  i n  M e v a g i s s e y  B a y .
i )  M e t h o d  1
T h e  c a r b o n a t e  p r o d u c t i o n  r a t e  f o r  b e n t h i c  i n f a u n a  o f  t h e  
s i l t  c o m m u n i t i e s  i s  9 3  g r a m s /  m e t r e  s q u a r e / y e a r  ( T h e  m e t h o d  
o f  c a l c u l a t i o n  i s  i n  T a b l e  7 . 1 ) .  F r o m  t h e  a n a l y s e s  o f  t h e  b o x  
c o r e s  i t  i s  c l e a r  t h a t  d i f f e r e n t  s p e c i e s  b u r r o w  t o  d i f f e r e n t  
d e p t h s  i n  t h e  s u b s t r a t e .  T h e  c a r b o n a t e  w i l l  t h e r e f o r e
a c c u m u l a t e  a t  d i f f e r e n t  d e p t h s .  T h e  r o t a t e d  Turritella 
communis s h e l l s  d e s c r i b e d  i n  C h a p t e r  5 ,  i n d i c a t e  t h a t  s h e l l s  
a r e  b e i n g  m o v e d  a n d  r o t a t e d  b y  t h e  b u l l d o z e r — l i k e  b i o t u r b a t o r s  
( e g ,  Echinocardium cordatum, Upogebia s p ,  ) a n d  a s  t h e  r e c o r d e d  
d e e p e s t  l e v e l  o f  b i o t u r b a t i o n  w a s  1 2 . 3 c m  ( s e e  F i g u r e  3 . 6 )  we  
c a n  a s s u m e  t h a t  t h i s  i s  t h e  m i n i u m  d e p t h  o f  b i o t u r b a t i o n  o r  
t h e  t a p h o n o m i c a l l y  a c t i v e  l a y e r .  F r o m  t h e  s e d i m e n t  w a t e r  
i n t e r f a c e  d o w n  t o  s a y  1 5 c m  ( t h e  t a p h o n o m i c a l l y  a c t i v e  l a y e r )  
c a r b o n a t e  w i l l  t h e r e f o r e  a c c u m u l a t e ,  in situ, a t  e q u a l  r a t e s .  
S t o r m  a c t i v i t y  m a y  c o n c e n t r a t e  t h e  s h e l l s  i n t o  l a y e r s  b u t  
t h e s e  w o u l d  s o o n  b e  d e s t r o y e d  b y  b i o t u r b a t i o n .  B y  d r y i n g  a n d  
w e i g h i n g  b o x  c o r e  s l a b s  i t  h a s  b e e n  c a l c u l a t e d  t h a t  b l o c k  o f  
c h i n a  c l a y  s i l t  1 0 0  x  1 0 0  x  1 5 c m  w e i g h  a p p r o x i m a t e l y  2 4 3 , 0 0 0  
g r a m s .  W i t h  p r o d u c t i o n  r a t e  o f  9 3  o f  c a r b o n a t e  g r a m s  p e r  y e a r /  
m'“-,  t h e  l e n g t h  o f  t i m e  r e q u i r e d  f o r  t h e  s e d i m e n t  t o  b e  b e c o m e  
" s h e l l y "  c a n  b e  c a l c u l a t e d ,  ( s e e  F i g u r e  7 . 1  a n d  T a b l e  7 . 2 ) .  I n  
t h i s  s t u d y  a  s e d i m e n t  i s  c o n s i d e r e d  t o  b e  " s h e l l y "  o r  a  
t e m p e r a t e  c a r b o n a t e  w h e n  i t  r e a c h e s  5 0 %  c a r b o n a t e .
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Table 7. 1; Method f or calculation of carbonate Production rates using 
faunas from Mevagissey Bay.
The production rates for the following species were taken from Bosence 
1976; Nucula t u r g l d a ,  M y s e l la  b i d e n t a ta ,  Thyas i ra  f l e x u o s a ,  Abra a lb a and 
T u r r i t e l l a  communis. The production rate of Venus f a s c i a t a  in Bosence 1976 
was used for the production rate of Venus s t r i a t u l a  in this study, they are 
close relatives and are the same size. The production rates for C u l t e l l u s  
p e l l u c i d u s ,  Ech inocard ium cordatum, Th rac ia  ph a s e o l in a ,  P h i l i n e  
q u a d r i p a r t i t e  and Mysia undata were calculated using weight of shell per 
published life-span of species. The data for the fauna for the Central 
Area of Probert (1973, 1975) was used as this data was collected with a
grab which can be considered quantifiable.
Abundance of common species in the silt communities in 1971 (Probert 1973) 







g/CaCoa/yr O . 1 rt,'
M y se l l a  b i d e n t a t a 18.75* 0.01 0. 19
T u r r i t e l l a  communis 12. 16* 0. 15 1.82
Abra a lba 10.50* 0. 15 1.57
Pucula t u r g i d a 8.08* 0. 16 1.29
Thyas i ra  f l e x u o s a 5.00* 0.02 0. 10
C u l t e l l u s  p e l l u c i d u s 4.00(a) 0.05 0.02
Echinoca rd ium cordatum 3.75(b) 0. 12 0.45
Thrac ia  p h a se o l in a 2.67(c) 0.03 0.08
Venus s t r i a t u l a 2. 42* 1.40 3.39
P h i l i n e  q u a d r i p a r t i ta 1.70(d) 0.01 0.02
Mysia undata 1.25(e) 0.31 0.38
Total CaCo= 
production, 
a / y r
Total CaCo3/gr/yr/0.1 m2.; 9,31
References, * Bosence (1976), a) Stephen (1932), b) Moore (1936), c) Allen 
(1961), d) Thompson (1976), e) estimate based on growth ring counts.
So in 1 year 9.31 g of carbonate is produced per 0.10 m of sediment, so 
production rate is 9.31 x 10 = 93g per metre square per year.
This figure considers only the top eleven species of molluscs found in 
the Probert's (1973, 1975) Central Area so it can be considered-an under 
estimation of the rates.
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T a b l e  7 . 2 ;  R a t e s  o f  b i o g e n i c  c a r b o n a t e  p r o d u c t i o n  i n  a  Im^- a r e  
o f  s i l t  s u b s t r a t e  ( w i t h  a  t a p h o n o m i c a l l y  a c t i v e  l a y e r  a t  1 5 c m  
d e p t h )  w i  t h  a n  a n n u a l  c a r b o n a t e  p r o d u c t i o n  o f  9 3  g r a m s  p e r  m^ 
p e r  y e a r . T h e  p e r c e n t a g e  o f  c a r b o n a t e  i s  g i v e n  a s  a n  
i n d i c a t i o n  o f  t h e  s h e l l y n e s s  o f  t h e  s e d i m e n t  o f  e a c h  t i m e  
p e r i o d ) .
t o t a l
w e i g h t  ( g )
w e i g h t  o f  
c a r b o n a t e
% c a r b o n a t e y e a r s
2 4 3 , 0 0 0 , 0 0 0
2 8 8 , 0 0 0 4 5 , 0 0 0 1 0 4 8 4
3 3 8 , 0 0 0 9 5 , 0 0 0 2 0 1 0 2 2
3 8 8 , 0 0 0 1 4 5 , 0 0 0 3 0 1 5 5 9
4 3 4 , 0 0 0 1 9 1 , 0 0 0 4 0 2 0 5 4




























• B ^ e u o Q j T î D
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A s s u m i n g  t h a t  a  s h e l l  s e d i m e n t  i s  c o m p o s e d  o f  5 0 %  c a r b o n a t e  
t h e  t i m e  f o r  t h e  f o r m a t i o n  o f  s h e l l  g r a v e l ,  b a s e d  o n  t h e  
c a r b o n a t e  p r o d u c t i o n  r a t e s  p r e s e n t e d  a b o v e  i s  a r o u n d  2 , 5 0 0  
y e a r s .  T h e  p r o d u c t i o n  r a t e s  w e r e  c a l c u l a t e d  u s i n g  t h e  t o p
e l e v e n  s p e c i e s  l i v i n g  i n  t h e  s i l t  s u b s t r a t e  i n  1 9 7 3  a n d  s o
n o t  a l l  t h e  m o l l u s c s  r e c o r d e d  w e r e  c o n s i d e r e d .  T h e s e  f o r m e d  
o n l y  a  s m a l l  p r o p o r t i o n  o f  t h e  t o t a l  c o m m u n i t y  t h a n  t h e  t o p
e l e v e n  s p e c i e s  a n d  s o  t h e  r e s u l t i n g  e r r o r  i s  b e l i e v e d  t o  b e  
i n s i g n i f i c a n t  c o m p a r e d  t o  t h e  e r r o r s  o f  m u l t i p l y i n g  u p  p r e s e n t  
d a y  p r o d u c t i o n  r a t e s .  A n o t h e r  p o s s i b l e  e r r o r  i n  t h i s  
c a l c u l a t i o n  i s  t h e  l o s s  o f  c a r b o n a t e  b y  t r a n s p o r t  o r
d i s s o l u t i o n  b u t  t h e  d i s c u s s i o n s  i n  C h a p t e r  5 h a v e  s h o w n  t h a t  
t h e s e  p r o c e s s e s  a r e  c o n s i d e r e d  t o  b e  s m a l l .
i i >  M e t h o d  2 .
I n  C h a p t e r  2 t h e  c o m p o s i t i o n  o f  t h e  s e d i m e n t  w a s  d i v i d e d  
i n t o  t h r e e  c o m p o n e n t s ,  c h i n a  c l a y  w a s t e ,  n a t u r a l  t e r r i g e n o u s  
s e d i m e n t  a n d  b i o g e n i c  c a r b o n a t e .  I n  t h e  s i l t y  c h i n a  c l a y  w a s t e  
t h e  s i z e  f r a c t i o n s  o f  0  p h i  a n d  c o a r s e r  w e r e  d o m i n a t e d  b y  
c a r b o n a t e  b u t  i t  m u s t  b e  e m p h a s i s e d  t h a t  t h e y  s t i l l  m a d e  u p  a  
v e r y  s m a l l  p r o p o r t i o n  o f  t h e  t o t a l  s e d i m e n t  c o n t e n t .  I n  f a c t  
t h e  a v e r a g e  c o a r s e  c a r b o n a t e  ( a l l  c a r b o n a t e  o f  0  p h i  a n d  
c o a r s e r )  c o m p r i s e d  a r o u n d  0 . 3 8 9 %  o f  t h e  t o t a l  s e d i m e n t  s a m p l e .  
T h e r e  w a s ,  h o w e v e r ,  a  c o n s i d e r a b l e  r a n g e  i n  v a l u e s  f r o m  0 . 9 %  
t o  0 . 0 9 %  w i t h  s t a n d a r d  d e v i a t i o n  o f  0 . 2 5  a n d  m e a n  o f  0 . 3 8 9 % .  
T h e  a c t u a l  p e r c e n t a g e  w a s  c a l c u l a t e d  b y  c o u n t i n g  t h e  n u m b e r  o f  
c a r b o n a t e  g r a i n s  a n d  w o r k i n g  o u t  t h e  p r o p o r t i o n  o f  e a c h  
c o m p o n e n t  t y p e  i n  t h a t  s a m p l e .  I f  f o r  e x a m p l e  a  s i e v e  
a n a l y s e s  r e v e a l e d  t h a t  2% o f  a  s e d i m e n t  s a m p l e  w a s  - 2  p h i  a n d  
p o i n t  c o u n t i n g  d e m o n s t r a t e d  t h a t  5 0 %  o f  t h a t  s i z e  f r a c t i o n  w a s  
c a r b o n a t e  t h e n  I  w o u l d  c o n c l u d e  t h a t  1% o f  t h e  t o t a l  s e d i m e n t  
s a m p l e  w a s  c o m p o s e d  o f  c a r b o n a t e  o f  t h e  s i z e  - 2  p h i .  T h i s  
c l e a r l y  d o e s  n o t  c o n s i d e r  t h e  d i f f e r e n c e s  i n  w e i g h t  b e t w e e n  
t h e  s i l i c e o u s  g r a i n s  a n d  c a r b o n a t e  g r a i n s  b u t  i t  p r o v i d e d  t h e  
e a s i e s t  a n d  q u i c k e s t  m o d e  o f  c a l c u l a t i n g  c a r b o n a t e  c o n t e n t .
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C a r b o n a t e  d i s s o l u t i o n  e x p e r i m e n t s  w e r e  n o t  f e a s i b l e  b e c a u s e  1 )  
t h e y  w o u l d  h a v e  d e s t r o y e d  t h e  c a r b o n a t e  g r a i n s  b e f o r e  t h e y  
c o u l d  b e  i d e n t i f i e d  ( n e c e s s a r y  f o r  t h e  m i c r o - d e a t h  a s s e m b l a g e  
a n a l y s e s  d e s c r i b e d  i n  C h a p t e r  5 )  a n d  2 )  w i t h  t h e  s m a l l  a m o u n t s  
o f  c a r b o n a t e  a c t u a l l y  p r e s e n t  i n  t h e  s i l t ,  d i s s o l v i n g  a n d  
w o u l d  h a v e  b e e n  i m p r a c t i c a b l e ,
I n  C h a p t e r  2 i t  w a s  s h o w n  t h a t  m o s t  o f  t h e  c l a y  u p  u n t i l  
1 9 5 0  w a s  d e p o s i t e d  c l o s e  i n s h o r e  a n d  o n l y  a f t e r  t h a t  t i m e ,
w i t h  t h e  m a s s i v e  r i s e  i n  t h e  a m o u n t s  w a s t e  d u m p e d ,  d i d  t h e
d e p o s i t  e x t e n d  o v e r  m o s t  o f  t h e  b a y .  We c a n  a s s u m e ,  t h e r e f o r e ,  
t h a t  t h e  c h i n a  c l a y  w a s t e  n o w  c o v e r i n g  t h e  t h e  m a j o r i t y  o f  t h e  
b a y  w i t h i n  t h e  a r e a  o f  t h e  s i l t  c o m m u n i t i e s  i s  n o  o l d e r  t h a n  
t h i r t y  f i v e  y e a r s  ( s a m p l i n g  s t a r t e d  i n  1 9 8 5 )  a n d  s o  a l l  t h e  
c a r b o n a t e  p r e s e n t  h a s  a c c u m u l a t e d  i n  t h i s  p e r i o d .  A s s u m i n g  
t h e r e  i s  n o  f r e s h  c l a s t i c  i n p u t ,  t h i s  a n a l y s i s  c a l c u l a t e s  t h e
h o w  m a n y  y e a r s  i t  w i l l  t a k e  f o r  a  s i l t  t o  b e c o m e  c o m p o s e d  o f
5 0 %  c o a r s e  c a r b o n a t e .  T h e  a n a l y s i s  i s  s u m m a r i s e d  i n  F i g u r e  
7 . 2 .
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T a b l e  7 . 3 ;  C a l c i u m  c a r b o n a t e  o f  1mm a n d  c o a r s e r  ( 0  t o  - 2 p h l ) 
c o n t e n t  f  o r  t h e  t o t a l  s e d i m e n t  f  o r  s a m p l e s  c o l l e c t e d  i n  t h i s  
s t u d y  1 9 8 5 / G
S t a t i o n - 2 - 1 0 T o t a l
1 . 0 3  = 0 0 .  1 0 0 0 .  1 0 0 0 . 2 0 0
1 . 0 4  = 0 0 . 0 5 3 0 . 2 0 5 0 .  2 5 8
1 . 0 5  = 0 0 0 .  1 8 3 0 .  1 8 3
2 . 0 1  = 0 .  1 4 7 0 .  1 1 0 . 3 9 0 0 . 6 4 7
2 . 0 2  = t . 0 . 0 1 0 O'. 13 0 . 0 8 7 0 .  2 2 7
2 . 0 3  = 0 . 0 8 2 0 . 0 2 0 . 0 7 6 0 .  1 7 8
2 . 0 4  = 0 .  2 0 0 0 .  10 0 . 2 8 7 0 . 5 8 7
4 . 0 3  = 0 . 0 5 8 0 . 0 3 0 . 0 5 2 0 .  1 4 0
4 . 0 4  = 0 .  1 0 .  18 0 .  4 0 .  6 2 8
4 . 0 5  = 0 . 0 1 0 . 0 6 0 .  15 0 . 2 2 5
4 . 0 6  = 0 .  1 0 .  0 8 6 0 .  1 0 . 2 8 6
4 . 0 7  = 0 .  1 0 .  0 6 1 0 . 0 9 1 0 . 2 5 2
6 . 0 1  = 0 .  0 0 .  5 5 0 .  3 0 . 8 0 0
6 . 0 2  = 0 . 0 0 . 3 0 .  4 0 . 7 0 0
6 . 0 3  — 0 .  0 0 .  0 3 0 . 0 6 0 . 0 9 0
6 .  13 = 0 . 0 0 .  1 0 .  3 0 .  4 0 0
6 .  14  = 0 .  0 0 .  0 4 0 . 2 0 . 2 4 0
6 .  15 = 0 .  0 0 .  2 0 .  7 0 .  9 0 0


























(d m L o  ^  \
^  • tu cn o  ^ >
X  o  CX'-' to ^
in
1 ^ 0  
fi o  u
 ^ -H O\ X m ^
\
■p
o  oo 
to  co
•H -




coco CVJco en eo
0
+>
















8 ^  w 0












(H  0 
X: 0 +»
( s p u o s n o q ^  i i T )  s j o e ^
312
F r o m  F i g u r e  7 . 2  i t  a p p e a r s  t h a t  9 , 0 0 0  y e a r s  i s  s u f f i c i e n t  
f o r  t h e  s e d i m e n t  t o  b e  c o m p o s e d  o f  5 0 %  c o a r s e  c a r b o n a t e .  T h e  
r a n g e  o r  e r r o r  w a s  c a l c u l a t e d  b y  u n d e r t a k i n g  t h e  s a m e
c a l c u l a t i o n  u s i n g  b o t h  t h e  l a r g e s t  c o a r s e  c a r b o n a t e  c o n t e n t  i n
o n e  s a m p l e  ( S t a t i o n  6 . 1 5 )  a n d  t h e  s m a l l e s t  ( S t a t i o n  6 . 0 3 ) .  T h e  
m a x i m u m  l e n g t h  o f  t i m e  w a s  3 5 , 0 0 0  y e a r s  a n d  s m a l l e s t  r a n g e  
w a s  j u s t  u n d e r  4 , 0 0 0  y e a r s .  T h i s  s h o w s  h o w  t e n t a t i v e  t h e s e
f i g u r e s  a r e  w i t h  t h e  r a n g e  o f  e r r o r  l y i n g  a c r o s s  o n e  o r d e r  o f  
m a g n i t u d e .
i i i )  M e t h o d  3 .
I n  a n  a t t e m p t  t o  n a r r o w  t h e  r a n g e  o f  e r r o r  a  s i m i l a r
c a l c u l a t i o n  w a s  u n d e r t a k e n  b u t  t h i s  t i m e  t h e  d i f f e r e n c e  i n  
p e r c e n t a g e  c a r b o n a t e  c o n t e n t  o f  t h e  s a m p l e s  c o l l e c t e d  i n  
1 9 8 5 / 6  t o  t h e  s a m p l e s  c o l l e c t e d  f r o m  t h e  s a m e  a r e a  i n  1 9 7 1  
( P r o b e r t  1 9 7 3 )  w a s  u s e d .  F o r t u n a t e l y  P r o b e r t  k e p t  d u p l i c a t e  
s e d i m e n t  s a m p l e s  f r o m  h i s  1 9 7 1  s u r v e y  a n d  t h e s e  w e r e  m a d e  
a v a i l a b l e  b y  P r o b e r t  f o r  t h i s  s t u d y .  T h e y  w e r e  s i e v e d  a n d  
p o i n t - c o u n t e d  i n  a  m a n n e r  s i m i l a r  t o  t h e  s a m p l e s  c o l l e c t e d  i n  
1 9 8 5 / 6  ( s e e  C h a p t e r  2 ) .  T h e  s a m p l e  n u m b e r s  o f  P r o b e r t  a n d  t h e  
c o a r s e  c a r b o n a t e  c o n t e n t  o f  e a c h  a r e  g i v e n  i n  T a b l e  7 . 4 .
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T a b l e  7 . 4 ;  C o a r s e  c a r b o n a t e  I n  P r o b e r t ' s  " C e n t r a l  A r e a "  
c o l l e c t e d  I n  1 9 7 1  ( P r o b e r t  1 9 7 3 ) .
S t a t i o n  - 2  p h i - 1  p h i 0  p h i T o t a l
M9 0 .  2 0 0 0 .  4 4 9 0 .  6 4 9
M 13 - 0 .  1 7 1 0 .  1 7 1
M 14 0 . 0 8 0 0 . 0 8 8 0 .  1 6 8
M15 0 .  1 2 0 0 . 0 2 2 0 .  1 4 2
M 16 0 .  1 4 4 0 .  0 9 9 0 .  2 4 3
M 17 . 0 . 0 2 5 0 .  1 0 8 0 .  1 3 3
M 20 0 .  1 5 0 0 . 0 0 0 0 .  1 5 0
M2 5 0 .  1 0 0 0 . 0 3 4 0 .  1 3 4
M2 6 - 0 . 0 1 0 0 . 0 1 0
M2 7 0 . 0 0 4 0 .  0 8 0 0 .  0 8 4
M2 8 - 0 . 0 1 0 0 . 0 1 0
M 5 1 A 0 . 0 8 1 0 .  2 2 1 0 .  2 9 2
M e a n  c o a r s e  c a r b o n a t e  c o n t e n t  ( b y  n u m e r i c a l  a b u n d a n c e )  f o i
s i l t y  c h i n a  c l a y  w a s t e  i n  1 9 7 1 =  0 . 1 8 2 %  ( s d =  0 . 1 6 1 )
W i t h  a  m e a n  c o a r s e  c a r b o n a t e  c o n t e n t  o f  0 . 1 8 2 %  i n  1 9 7 1  a n d  a  
c o a r s e  c a r b o n a t e  c o n t e n t  o f  0 . 3 8 9  u n i t s  i n  1 9 8 5 / 6  t h e r e  i s  a n  
a p p a r e n t  i n c r e a s e  o f  0 . 2 0 7 % .  S o  i n  t h e o r y ,  0 . 2 0 7  u n i t s  o f  
c o a r s e  c a r b o n a t e  a c c u m u l a t e d  i n  t h e  f o u r t e e n  y e a r  p e r i o d  
b e t w e e n  1 9 7 1  a n d  1 9 8 5 .  A p e r i o d  o f  6 8 0 0  y e a r s  i s  t h e r e f o r e ,  
r e q u i r e d  f o r  t h e  s e d i m e n t  t o  b e  c o m p o s e d  o f  5 0 %  c o a r s e  
c a r b o n a t e .  T h i s  f i g u r e  l i e s  w i t h i n  t h e  s a m e  o r d e r  o f  m a g n i t u d e  
a s  t h e  c o a r s e  c a r b o n a t e  a c c u m u l a t i o n  r a t e  c a l c u l a t e d  f o r  t h e  
t h i r t y  f i v e  y e a r  p e r i o d .  H o w e v e r ,  a  s t u d e n t  T - t e s t  o n  t h e  
v a l u e  f o r  c a r b o n a t e  i n  b o t h  s u r v e y s  i n d i c a t e d  t h a t  t h e  
d i f f e r e n c e  i n  t h e  t w o  m e a n  v a l u e s  s u g g e s t s  t h a t  t h e  d i f f e r e n c e  
w a s  n o t  s i g n i f i c a n t .  I t  c o u l d  b e  a r g u e d  t h a t  t h e r e  h a s  b e e n  n o  
n e t  b u i l d  u p  o f  c o a r s e  c a r b o n a t e  o v e r  t h e  p a s t  f o u r t e e n  y e a r s  
w h i c h  w o u l d  i n v a l i d a t e  t h i s  w h o l e  p r o c e d u r e  a n d  s u g g e s t  t h a t  
a n  insitu b u i l d  u p  o f  c a r b o n a t e  i s ,  i n - f a c t ,  n o t  o c c u r r i n g .  
V i s u a l  e x a m i n a t i o n  o f  t h e  d a t a  s h o w s  t h a t  t h e r e  a r e  s i x  o f  t h e  
1 9 8 5 / 6  s t a t i o n s  i n  t h e  - 2  p h i  f r a c t i o n  y i e l d e d  c o a r s e
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c a r b o n a t e  w h i l e  t h e r e  w a s  n o  c o a r s e  c a r b o n a t e  i n  P r o b e r t s  
s t a t i o n s .  T h i s  p l u s  t h e  f a c t  t h a t  t h e  1 9 8 5 / 6  v a l u e  i s  t w i c e  a s  
h i g h  a s  t h e  1 9 7 1  m e a n ,  mav  s u g g e s t  a n  a c t u a l  b u i l d  u p  o f  
c a r b o n a t e .  I f  t h i s  i s  t h e  c a s e ,  t h e  e s t i m a t e d  p e r i o d  o f  6 8 0 0  
y e a r s  i s  v e r y  c l o s e  t o  t h e  8 , 0 0 0  y e a r  p e r i o d  s u g g e s t e d  w h e n  
t h e  m e a n  f o r  a  3 5  y e a r  p e r i o d  w a s  u s e d  ( F i g u r e  7 . 2 ) .
2 )  D i s c u s s i o n  a n d  C o n c l u s i o n s
F r o m  t h e  c a l c u l a t i o n  o f  a c t u a l  p r o d u c t i o n  r a t e s  u s i n g  g r o w t h  
r a t e  c a l c u l a t i o n s  i t  i s  s u g g e s t e d  t h a t  t h e  t i m e  r e q u i r e d  f o r  
t h e  b u i l d  u p  o f  c a r b o n a t e  i n  a  f i n e  g r a d e  s u b s t r a t e  t o  b e c o m e  
a  s h e l l  g r a v e l  b y  i n s i t u  a c c u m u l a t i o n  o r  t a p h o n o m i c  f e e d b a c k  
i s  a r o u n d  2 , 5 0 0  y e a r s .  C a l c u l a t i o n s  b a s e d  o n  t h e  r e c o r d e d  
a c t u a l  b u i l d  u p  o f  c o a r s e  c a r b o n a t e  s u g g e s t s  a  l o n g e r  p e r i o d  
o f  8 , 0 0 0  y e a r s .  T h e  l a t e r  a c c u m u l a t i o n  r a t e  c o u l d  b e  l o n g e r  
t h a n  t h e  p r e v i o u s  r a t e  b e c a u s e  i t  c o n s i d e r s  t h e  b u i l d  u p  o f  
c o a r s e  c a r b o n a t e  w h i l e  t h e  p r o d u c t i o n  r a t e  c a l c u l a t i o n  
c o n s i d e r e d  o n l y  t o t a l  c a r b o n a t e  b u i l d  u p  a n d  o b v i o u s l y  a  
c e r t a i n  a m o u n t  i s  l o s t  i n t o  t h e  mud a n d  s i l t  s i z e d  f r a c t i o n s .
T h e  l a t e r  c a l c u l a t i o n s ,  h o w e v e r ,  a r e  b a s e d  o n  e x t r a p o l a t i o n  o f
a v e r y  s m a l l  f i g u r e  b y  t w o  o r d e r s  o f  m a g n i t u d e  a n d  t h e  
r e c o r d e d  e r r o r  r a n g e  l i e s  a c r o s s  o n e  o r d e r  o f  m a g n i t u d e .
F u r t h e r  m o r e  t h e  T - t e s t  o n  t h e  o b s e r v e d  b u i l d  u p  o f  c a r b o n a t e  
b e t w e e n  t h e  1 9 7 1  a n d  1 9 8 5 / 6  s u r v e y  s u g g e s t s  t h a t  t h e r e  h a s  
b e e n  n o  b u i l d  u p  a t  a l l .  O t h e r  i m p o r t a n t  e r r o r s  a r e  t h e  c h a n g e  
i n  p r o d u c t i o n  r a t e s  a s  t h e  i n f a u n a  c h a n g e s  f r o m  a  s i l t  comm t o  
a g r a v e l  c o m m u n i t y  i n  r e s p o n s e  t o  t h e  c h a n g e  i n  s u b s t r a t e .
W i t h  s u c h  u n a v o i d a b l e  m a r g i n s  o f  e r r o r  i n  t h e s e  c a l c u l a t i o n s  
t h e  f i g u r e  o f  b e t w e e n  3 , 0 0 0  a n d  8 , 0 0 0  y e a r s ,  w h i c h  a p a r t  f o r m  
K n i g h t  & B o s e n c e  ( 1 9 8 8 )  h a s  n o t  b e e n  s u g g e s t e d  b e f o r e  c a n  b e  
r e g a r d e d  a s  a  s p e c u l a t i v e  s u g g e s t i o n  a n d  n o t  f a c t .  T h e  
s i t u a t i o n  i n  M e v a g i s s e y  B a y  p r o v i d e d  a  u n i q u e  o p p o r t u n i t y  t o  
c a l c u l a t e  s u c h  a  f i g u r e  b u t  t h e  s m a l l  a m o u n t  o f  c a r b o n a t e  
w h i c h  h a s  a c t u a l l y  a c c u m u l a t e d  h a s  l e f t  a  v e r y  l a r g e  m a r g i n  o f
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F i g u r e  
1 9 8 6 a )
7.3: Models for fossil accumulations (From Kidwell
" I f  h a r d p a r t  i n p u t  i s  a s s u m e d  t o  b e  c o n s t a n t ,  f o s s i l  
c o n c e n t r a t i o n s  h a v i n g  s h a r p  l o w e r  o r  U p p e r  C o n t a c t s  m u s t  
a c c u m u l a t e  d u r i n g  a  c h a n g e  i n  n e t  s e d i m e n t a t i o n .  I n  t h e  
s i t u a t i o n  o f  T y p e  I  a n d  I I  s h e l l  b e d s ,  w h i c h  t e r m i n a t e  i n  
o m i s s i o n  a n d  e r o s i o n  s u r f a c e s  r e s p e c t i v e l y ,  h a r d p a r t s  
a c c u m u l a t e  d u r i n g  a  s l o w  d o w n  i n  n e t  s e d i m e n t a t i o n  f r o m  t h e  
p o s i t i v e  r a t e s  r e s p o n s i b l e  f o r  s h e l l - p o o r  s e d i m e n t s  t o  t h e  
z e r o  o r  n e g a t i v e  n e t  r a t e s  r e q u i r e d  t o  f o r m  t h e  u p p e r  
d i s c o n t i n u i t y  s u r f a c e  ( b e d d i n g  p l a n e  o r  u n c o n f o r m i t y ) .  T y p e  
I I I  a n d  I V  s h e l l  b e d s  w h i c h  r e s t  o n  t o p  o f  d i s c o n t i n u i t i e s ,  
f o r m  i n  t h e  c o n t e x t  o f  a n  i n c r e a s e  i n  n e t  s e d i m e n t a t i o n " .
MINIMUM NET SEDIMENTATION RATE
Zero  (Omiss ion) N egative  (E ros ion)
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from + 
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e r r o r  b u t  p e r h a p s  h a s  n a r r o w e d  t h e  t i m e  r a t e  t o  t h e  o r d e r  o f  
t h o u s a n d s  o f  y e a r s .
A l l  t h e s e  m o d e l s  a s s u m e  t h a t  s h e l l s  b e d s  r e s u l t  o n l y  f r o m  
i n s i t u  a c c u m u l a t i o n ,  b u t  o t h e r  f a c t o r s  c a n  s p e e d  u p  t h e i r  
c o n c e n t r a t i o n  s u c h  a s  s t o r m s  ( s e e  A i g n e r  1 9 8 5 ) ,  t i d a l  c u r r e n t s  
( e g  D b r j e s  e t  a l  1 9 8 6 ,  V a n  s t r a a t e n  1 9 5 2 )  a n d  a l s o
b i o t u r b a t i o n  w h e r e  s h e l l s  a r e  c o n c e n t r a t e d  b y  b i o t u r b a t i o n  
( e x t r i n s i c  b i o g e n i c  . c o n c e n t r a t i o n s ,  K i d w e l l  e t  a l  1 9 8 6 )  o r  b y  
t h e  s e t t l e m e n t  o f  g r e g a r i o u s  m o l l u s c a n  s p e c i e s  s u c h  a s  m u s s e l  
b e d s  ( i n t r i n s i c  b i o g e n i c  c o n c e n t r a t i o n s ,  K i d w e l l  e t  a l  1 9 8 6 ) ,  
S m a l l  e x a m p l e s  o f  e x t r i n s i c  s h e l l y  c o n c e n t r a t i o n s  f o u n d  i n  
t h i s  s t u d y  a r e  g i v e n  i n  C h a p t e r  5 .  T h e  f o r m a t i o n  o f  s h e l l  b e d s  
b y  b i o g e n i c  a c t i v i t y  h a s  b e e n  o b s e r v e d  o n  t i d a l  f l a t s  b y  
T r e w i n  à W e l s h  ( 1 9 7 6 )  a n d  i n  l a g o o n s  o f  C a l i f o r n i a  ( W a r m e  
1 9 6 7 )  b u t  h a v e  n o t  b e e n  o b s e r v e d  i n  M e v a g i s s e y  B a y .
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CHAPTER 8  
C  o r t c  1  u t s  ±  o n s
T h e  d u m p i n g  o f  u p  t o  17  m i l l i o n  t o n n e s  o f  m i c a c e o u s  c h i n a  
c l a y  w a s t e  i n t o  M e v a g i s s e y  B a y ,  C o r n w a l l ,  h a s  b u r i e d  a n
o r i g i n a l  s h e l l  g r a v e l  s u b s t r a t e  b y  s i l t .  C l o s e  i n s h o r e  w h e r e  
w a v e  a c t i o n  i s  s t r o n g  t h e  w a s t e  i s  s o r t e d  i n t o  a  f i n e  t o
m e d i u m  s a n d .  C o r i n g  h a s  c o n f i r m e d  t h e  e x i s t e n c e  o f  s h e l l  
g r a v e l  b e l o w  t h e  c h i n a  c l a y  w a s t e .
D u r i n g  t h e  d e p o s i t i o n  o f  c l a y  w a s t e ,  P e n t e w a n  B e a c h  a n d  t h e
n e i g h b o u r i n g  s u b l i t t o r a l  s e d i m e n t s  h a d  a  h i g h  mud c o n t e n t  b u t
f o u r t e e n  y e a r s  a f t e r  d e p o s i t i o n  s t o p p e d  t h e s e  s e d i m e n t s  a r e  
c o m p o s e d  o f  l e s s  t h a n  1% mud a n d  s o  t h e  s e d i m e n t  o n  a n  c l o s e  
t o  P e n t e w a n  B e a c h  a r e  c l e a n  q u a r t z  s a n d s  o f  w h i c h  o v e r  9 9 %  i s  
c l a y  w a s t e .  T h i s  s a n d  g r a d e s  i n  a  s i l t  o f  w h i c h  o v e r  9 5 %  i s  
c l a y  w a s t e  b u t  m i c a  a n d  k a o l i n  f o r m  a  l a r g e  p r o p o r t i o n  o f  t h e  
s e d i m e n t .  I n  t h e  s o u t h  o f  t h e  b a y  s t r o n g e r  c u r r e n t s  h a v e  
p r e v e n t e d  t h e  d e p o s i t i o n  o f  t h e  f i n e  w a s t e  a n d  s h e l l  s a n d s  a r e  
f  o u n d .
F o u r  d i f f e r e n t  b e n t h i c  c o m m u n i t i e s  h a v e  b e e n  r e c o g n i s e d  i n  
M e v a g i s s e y  B a y .  T h e  d i s t r i b u t i o n  o f  t h e  c o m m u n i t i e s  r e f l e c t s  
t h e  d i f f e r e n c e  i n  s e d i m e n t  c o m p o s i t i o n  o v e r  t h e  b a y .  A n o t h e r  
f a c t o r ,  p e r h a p s  w a t e r  d e p t h ,  a p p e a r s  t o  c a u s e  c h a n g e s  i n  t h e  
s i l t  c o m m u n i t y  w h i c h  h a s  r e s u l t e d  i n  t h e  d e v e l o p m e n t  o f  t h e  
Amphiura flliformis a n d  Turritella communis s u b c o m m u n i t i e s .
C h i n a  c l a y  w a s t e  d u m p i n g ,  l i k e  o t h e r  r e c o r d e d  e x a m p l e s  o f  
i n e r t  s o l i d  p o l l u t i o n ,  c h a n g e s  t h e  b e n t h i c  c o m m u n i t y  t o  a
c o m m u n i t y  t y p i c a l  o f  t h e  g r a i n  s i z e  o f  t h e  w a s t e . ,  F a u n a l  
i m p o v e r i s h m e n t  i s  c o n f i n e d  c l o s e  t o  t h e  w a s t e  d i s c h a r g e  p o i n t  
d u r i n g  t h e  d u m p i n g  p e r i o d .  T h i s  i s  d u e  t o  t h e  i n s t a b i l i t y  o f  
t h e  r a p i d l y  d e p o s i t e d  s e d i m e n t ,  a n d  i s  s o o n  c o l o n i s e d  a f t e r  
d u m p i n g  s t o p s .
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E a c h  c o m m u n i t y  c a n  b e  r e c o g n i s e d  b y  i t s  d e a t h  a s s e m b l a g e ,  
w i t h  t h e  e x c e p t i o n  t h a t  i t  w o u l d  b e  u n l i k e l y  t h a t  t h e  c l e a n  
s a n d  c o m m u n i t y  w o u l d  b e  d i s t i n g u i s h e d  f r o m  t h e  m u d d y  s a n d  
c o m m u n i t y .  A l l o c h t h o n o u s  m a t e r i a l  w h i c h  o r i g i n a t e d  f r o m  t h e  
l o c a l  c l i f f s  a n d  r o c k y  r e e f s  i s  common i n  t h e  c l e a n  s a n d  a n d  
m u d d y  s a n d  c o m m u n i t i e s .  T h e  r e l a t i v e  a b u n d a n c e  o f  t h e  
a c c u m u l a t i n g  a u t o c h t h o n o u s  m o l l u s c a n  s h e l l s  i n  e a c h  c o m m u n i t y  
( o r  t h a n a t o c o e n o s i s )  a p p e a r s  t o  r e f l e c t ,  i n  m o s t  c a s e s ,  t h e  
o r d e r  . o f  a b u n d a n c e  i n  t h e  l i v i n g  c o m m u n i t i e s  o r  b i o c o e n o s i s .  
T h i s  i s  t r u e  f o r  b o t h  t h e  m a c r o  d e a t h  a s s e m b l a g e  a n d  t h e  
f r a g m e n t e d  s h e l l s  ( o r  m i c r o  d e a t h  a s s e m b l a g e ) .  T h i s  s u g g e s t s  
t h a t  t h e  a c c u m u l a t i n g  d e a t h  a s s e m b l a g e s  a r e  f o r m e d  b y  insitu 
p r o c e s s e s  w i t h  l i t t l e  i n t e r a c t i o n  f r o m  o t h e r  c o m m u n i t i e s .
T h e  s h e l l  b r e a k d o w n  p r o c e s s e s  v a r y  f r o m  c o m m u n i t y  t o  
c o m m u n i t y ,  c o m p l e t e  s h e l l s  a n d  s h e l l  f r a g m e n t s  i n  t h e  c l e a n  
s a n d  a n d  m u d d y  c o m m u n i t i e s  w e r e  r o u n d e d  b y  a b r a s i o n ,  i n  t h e  
s i l t  c o m m u n i t i e s  s h e l l  w e r e  f r e s h  i n  a p p e a r a n c e  a n d  m a y  h a v e  
b e e n  b r o k e n  b y  p r e d a t i o n  o r  b y  m o v e m e n t  i n  t h e  s u b s t r a t e  b y  
t h e  a c t i o n  o f  b u l l d o z e r — l i k e  b i o t u r b a t o r s  w h i l e  i n  t h e  g r a v e l  
s h e l l s  w e r e  f r a g m e n t e d  p o s s i b l y  b y  p r e d a t i o n  b u t  m i c r o b o r i n g s  
w e r e  a l s o  v e r y  c o m m o n .
F a u n a l  a s s e m b l a g e s  i n  t h e  c o r e s  i n d i c a t e d  w h e n  t h e  s u b s t r a t e  
c h a n g e d  t h e n  t h e  b e n t h i c  c o m m u n i t y  a l s o  c h a n g e d .
C o m p a r i s o n  o f  t h e  d e a t h  a s s e m b l a g e  o f  t h e  s h e l l  g r a v e l  f o u n d  
b e l o w  t h e  w a s t e  t o  t h a t  f o u n d  t o d a y  o n  t h e  o u t e r  p a r t s  o f  t h e  
b a y  s u g g e s t s  t h a t  t h e  t h e  s h e l l  g r a v e l  c o m m u n i t y  p r e s e n t  o v e r  
t h e  w h o l e  o f  t h e  b a y  p r i o r  t o  c l a y  w a s t e  d u m p i n g  w a s  t h e  s a m e  
a s  l i v i n g  g r a v e l  c o m m u n i t y  o f  t o d a y .
B i o t u r b a t i o n  i s  u b i q u i t o u s  i n  t h e  s i l t  a n d  o n l y  a  f e w  t r a c e s  
a r e  r e c o g n i s a b l e .  T h e  t r a c e  a s s e m b l a g e  i s  v e r y  s i m i l a r  t o  
a s s e m b l a g e s  r e c o r d e d  e l s e w h e r e  i n  E u r o p e  f o r  s i m i l a r
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s u b s t r a t e s .  T h e r e  i s  e v i d e n c e  t h a t  b i o t u r b a t i o n  i s  c a p a b l e  o f  
m o v i n g  s h e l l y  d e b r i s  w i t h i n  t h e  s i l t y  b e d .
W i t h  t h e  d e l i b e r a t e  c e s s a t i o n  o f  c l a y  w a s t e  d u m p i n g  i n  
M e v a g i s s e y  B a y  t h e r e  i s  l i t t l e  d e p o s i t i o n  o f  s i l i c l a s t i c  
m a t e r i a l  i n  t h e  b a y .  A l a r g e  p r o p o r t i o n  o f  t h e  b e n t h i c  f a u n a  
l i v i n g  i n  t h e  s i l t  h a s  a  c a l c a r e o u s  s k e l e t o n  w h i c h  a f t e r  
d e a t h  w i l l  r e m a i n  w i t h i n  i n  t h e  s i l t  s u b s t r a t e .  T h e s e  s h e l l s  
a n d  s h e l l  f r a g m e n t s  W i l l  i n c r e a s e  t h e  p r o p o r t i o n  o f  c a r b o n a t e  
i n  t h e  s e d i m e n t  a n d  a s  m o s t  s h e l l s  a r e  l a r g e r  t h a n  t h e  
s i l i c l a s t i c  g r a i n s  t h e  s e d i m e n t  w i l l  b e c o m e  c o a r s e r .  I t  
a p p e a r s  t h a t  b y  3 , 0 0 0  a n d  8 , 0 0 0  y e a r s  f r o m  p r e s e n t  t h e  
s e d i m e n t  w o u l d  h a s  c o a r s e n  t o  s u c h  a n  e x t e n t  t h a t  t h e  s e d i m e n t  
w o u l d  b e c o m e  a  s h e l l  g r a v e l  w i t h  a c o r r e s p o n d i n g  c h a n g e  i n  
f  a u n a .
T h i s  s t u d y  h a s  s h o w n  h o w  c h a n g e s  i n  s u b s t r a t e  h a s  c a u s e d  
c h a n g e s  i n  t h e  b e n t h i c  c o m m u n i t y  w h i c h  c a n  b e  r e c o g n i s e d  b y  
a n a l y s i s  o f  t h e  d e a t h  a s s e m b l a g e  a n d  t a p h o n o m i c  s i g n a t u r e  
p r e s e r v e d  o n  t h e  s h e l l y  r e m a i n s .  O t h e r  a c t u a l i s t i c  s t u d i e s  ( e g  
C a d e e  1 9 6 7 ,  B o s e n c e  1 9 7 9 )  h a v e  t o  i n f e r  s u c h  d i f f e r e n c e s  b y  
c o m p a r i n g  d i f f e r e n t  s u b s t r a t e s  f r o m  d i f f e r e n t  g e o g r a p h i c a l  
a r e a s .  T h e  r e s u l t  o f  t h e  c h i n a  c l a y  p o l l u t i o n  i s  t h a t  s u c h  
c h a n g e s  h a v e  b e e n  s e e n  t o  o c c u r  i n  t h e  a r e a .  I t  i s  s u g g e s t e d  
t h a t  a c t u a l i s t i c  p a l a e o e c o l o g i c a l  s t u d i e s  s h o u l d  c o n c e n t r a t e d  
on p o l l u t e d  s i t e s  b e c a u s e  h e r e  c h a n g e s  a n a l o g o u s  t o  c h a n g e s  
r e c o g n i s e d  i n  t h e  f o s s i l  r e c o r d  a r e  o b s e r v e d  w i t h i n  h i s t o r i c  
t i m e .
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A P P E N D I X
Me t h o d s
1A) T a b l e  A 1 ; Log of cr u i s e s  taken d u r i n g  this study
Cruise
no. Date Vessel Conditions Aims and samples taken
A 06-08-1385 Samierus Calm Demonstration of sampling equipment in 
Plymouth Sound, no samples kept.
B 08-08-1985 Sepia Rough Collection of Anchor dredge samples 1,01- 
1,07 and failed attempt to use side 
scan sonar,
C 30-10-1985 Squilîa Rough Collection of anchor dredge samples; 2,01- 
2.12.
D 22-04-1986 Sepia Very rough Abandoned after 2 hours at sea.
E 24-04-1986 Sepia Calm Collection of anchor dredge samples 3,01- 
3,12,
F 20-05-1986 Squilîa Calm Trail use of box corer, one core kept, 
anchor dredge samples; 4,01-4,07,
6 22-05-1986 Squilîa Calm Trail use of box corer in Plymouth Sound,
H 25-06-1986 Squilîa Calm Box-core use, one core kept, 
Long-gravity corer, 7 cores taken
I 07-07-1986 Squilîa Choppy 5 box-cores taken.
J 21-10-1986 Squilîa Very rough Cruise abandoned, box coring was planned.
K 10-03-1987 Squilîa Rough Anchor dredges 5,01-5,07, Van-veen grab used 
but failed to operate.
I 20-10-1987 Squilîa Calm Vibrocores 1,1 - 1,6,
M 21-10,1987 Squilîa Very rough Trip abandoned after 3 hours, vibrocoring 
planned.
N 22-10-1987 Squilîa Calm One vibrocore taken, then corer failed, 
Shipek grab sample 6,01-6,17 taken,
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Ap p e n d i x  IB : 
e q u i p m e n t
L o c a t i o n  
u s e d  at that
of station:
station
wit h  d e t a i l s  of s a m p l i n g
S t a t i o n  l o c a t i o n s  w e r e  r e c o r d e d  u s i n g  D e c c a  Navigator. The 
fixed e r r o r  is for D o d m a n  Point and whe n  s a m p l i n g  the 
f o l l o w i n g  c o r r e c t i o n s  will h a v e  to made;
Red (A); + 0.20
G r e e n  ( G , F ) ; +0. 13
The n u m b e r s  in b r a c k e t s  are the n u m b e r s  of P r o b e r t s  s t a t i o n  
when they c o i n c i d e  wit h  the l o c a t i o n  of the s t a t i o n  of this 
survey.
Key: AD = anc h o r d r e d g e (from wh i c h live and dead f a una and
sedi m e n t s a m p l e s w e r e taken, SO = shi p e k  g r a b  (sediment
s a m p l e s  only), VC = vibrocore, Be 
long core.
= B o x  cores, 00 g r a v i t y
S t a t i o n s L o c a t i o n (Probert > S a m p l i n g  e q u i p m e n t
1.01 0 3 2 . 2 8 A9. 94 AD
1. 02 0 3 0 . 3 8 A9.55 (A) AD
1. 03a 029.85 A9 . 8 8 VC 1.1
1.03 0 3 0 . 3 3 A 9 . 8 8 (B> AD, VC 1.2, Be A1
1. 04 F 4 7 . 11 A9. 90 AD, VC 1.3. Be 6
1.05 F46. 1 1 A9. 88 AD, VC 1.4.
1. 05a F 4 5 . 60 A 9 . 8 8 VC 1.5
1.06 F 4 5 . 08 A9. 90 AD, VC 1.6.
1.07 F 3 1 . 71 A9.85 (M3) . a d
2.01 030. 13 A9. 70 AD
2.02 F47. 6 3 A9. 70 AD, BC 3, OC 4, OC 5.
2.03 F47. 13 A9. 70 AD, BC 4, OC 6, GC 7.
2.04
2b.
F4 6 . 6 3 A9. 70 AD, BC Res 2a, BC Res
2.05 F46. 13 A9. 70 AD,
2.06 F 4 5 . 6 3 A9. 70 AD
2.07 0 3 0 . 6 3 A l O . 45 AD
2.09 F 4 7 . 63 A l O . 90 AD
2. 10 0 3 0 . 4 3 A l O . 90 AD
2. 11 0 4 7 . 9 3 A l O . 90 AD
2. 12 0 4 7 . 4 3 A l O . 90 AD
3,01 0 3 0 . 5 2 A9. 22 (58) AD
3.02 0 3 1 . 4 5 A9. 55 (57) AD
3.03 0 3 1 . 2 3 A9. 57 (53a) AD
3.04 032. 18 A9. 85 (56) AD
3.05 0 3 2 . 4 6 A l O . 20 (55) AD
3.06 0 3 1 . 7 8 A9. 95 (54) AD
3.07 0 3 0 . 9 3 A9. 65 (53) AD
3. 08 0 3 0 . 0 3 A9. 33 (52) AD
3.09 0 3 0 . 1 2 A9. 30 (52a) AD
3. 10 F47. 13 A9. 25 (51a) AD
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3.11 0 31.08 AlO. 10 (27) AD
3. 12 031. 8 8 A l O . 38 (28) AD
4. 01 0 31.03 A l O . 65 (9) AD
4.02 032. 18 A l l . 05 (7) AD
4.03 030.40 AlO. 17 AD
4.04 F47.50 AlO. 17 AD,
4.05 F47.00 AlO. 17 AD
4.06 F 4 6 . 50 AlO. 17 AD,
4.07 F 46.00 AlO. 17 AD
5.01 0 30.80 A l l . 30 AD
5.02 F 4 5 . 50 A l O . 00 AD
5.03 , F45.00 A9; 70 AD
5.04 F 4 7 . 00 A l O . 00 AD
5.05 F 4 7 . 60 A l O . 00 AD
5.06 F45.00 A9. 50 AD
5.07 F44.00 A9. 10 AD
6.01 F 4 7 . 00 AlO. 10 SO
6.02 030.00 A l O . 20 SO
6.03 031.50 A l O . 15 SO
6.04 0 33.00 A l l . 10 SO
6.05 031.50 A l l . 20 SO
6.06 030.00 A l l . 40 SO
6.07 F47.00 All. 10 SO
6. 08 F 4 6 . 00 A l O . 90 SO
6. 09 F46.00 A 4 6 . 00 SO
6. 10 F46.80 A l O . 50 SO
6. 1 1 0 32.00 A l O . 70 SO
6. 12 0 32.70 A l O . 70 SO
6. 13 F47.00 A9.50 SO
6. 14 F 4 6 . 00 A9. 50 SO
6. 15 F45.00 A9.50 SO
6. 16 F 4 6 . 00 A9. 10 so
6. 17 F45.00 A9. 10 so
BC A2. GC 1,2 
VC 2.1.
346
A p p e n d i x  1C : M a c r o b e n t h o s  and sediment s a m p l i n g  techniques.
As o u t l i n e d  in the C h a p t e r s  2 and 3, these various 
techniques of benthic fauna and s e diment s a m p l i n g  were tried, 
with v a r i o u s  d e g r e e s  of success:
i) Anchor dre d g e  (Plate A3)
ii) Van Veen Grab
iii) Shipek gra b  (Plate A17, A18) 
i V ) B o x - c o r e r  (Plate A9 - A14)
v) G r a v i t y  "Pilot" long core (Plate A19)
vi) V i b r o c o r e r  (A15, A16),
A d e s c r i p t i o n  and s u m m a r y  of the o p e r a t i o n  of the anchor 
dredge, Van Veen gra b  and Shi p e k  gr a b  can be found in 
E l e f t h e r i o u  & Holme (1984) and so will not d i s c u s s e d  in detail 
here. Due to e x t r e m e l y  bad weather, the Van Veen grab failed 
to r e t r i e v e  any samples. It was i n t e n d e d  to collect 
q u a n t i f i a b l e  benthic faunal samples. The anchor dredge, 
however, w orked very s u c c e s s f u l l y  on all o c c a s i o n s  r e g a r d l e s s  
of the w e a ther conditions. The shipek grab, used only for 
c o l l e c t i n g  sedim e n t  s a m p l e s  also w o r k e d  well. If only sediment 
sa m p l e s  are r e q u i r e d  than such a grab is r e c o m m e n d e d  because 
its small size m a k e s  it easy and quick to operate.
Both the long core r s  gav e  a d i s a p p o i n t i n g  performance. The 
o riginal a i m  of the c o r i n g  p r o g r a m  was to p r oduce transects of 
cores from close in s h o r e  out to the e x p o s e d  shell gravel with 
all the cores at least p e n e t r a t i n g  the shell gravel b e l o w  the 
clay waste, if not the rock floor. The g r a v i t y  "pilot" long 
corer was loaned by N . E . R . C  R e s e a r c h  V e s s e l s  Services, Barry. 
The the longest corer was only 7 0 c m  but most others never 
e x c e e d e d  3 0 c m  in length. For each su c c e s s f u l  core, there was 
four c o m p l e t e  failures. On a v e r a g e  five a t t e m p t s  per hour 
could be made. The clay waste s u b s t r a t e  is very soft and the 
failure of the c o rer is therefore surprising. Mud was found on
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the out s i d e  of the corer up to the p o s i t i o n  of the lead weight 
at the top of the corer s u g g e s t i n g  that the corer was 
p e n e t r a t i n g  the s u b s t r a t e  but . and the p r o b l e m  was the sample  
not b eing r e t a i n e d  after penetration. In the e arly 1970's Dr 
J . M. Thomas, U n i v e r s i t y  of E xeter a t t e m p t e d  to take samples 
with a s i m ilar corer and similar p r o b l e m s  were e n c o u n t e r e d  
(Dr. J . Thomas, Pers comm). I d e ally this corer n eeds 3 5 m  of
free fall to reach terminal veloc i t y  (Pers comm. Mr I., Innes,
N.E.R.C., Barry), most cores were a t t e m p t e d  at s h a l lower
d e p t h s ,
V i b r o c o r e s  are d e s i g n e d  to take cores in both muds and
gravels. F o l l o w i n g  the r e p o r t e d  su c c e s s  of a v i b r o c o r i n g  
p r o g r a m  in 1968 by the Mar i n e  M i n i n g  C o o p e r a t i o n  (1969) (see 
Ch a p t e r  2) and in shell g r a v e l s  of the S c o t t i s h  Shelf (Allen 
et al 1979) it was, d e c i d e d  to try a vibrocorer. The vibro c o r e r  
was loaned from the B r i t i s h  G e o l o g i c a l  Survey, E d i n b u r g h  and 
was a c c o m p a n i e d  by a technician. The p r i n c i p l e s  of this type 
of corer are g i v e n  in Al l e n  et al (1979). The p e n e t r a t i o n  
again was d i s a p p o i n t i n g  and d e s p i t e  on board technical 
e x p e r t i s e  no core longer than 7 0 c m  was retrieved. The second 
s c h e d u l e d  day for c o r i n g  was a b a n d o n e d  due to rough sea 
c o n d i t i o n s  and on the third the day corer failed compl e t e l y  
with the v i b r a t i n g  m otor at the top of the corer f a iling to 
vibrate.
The box corer was p u r c h a s e d  for this study. It was p u r c hased 
from S m o g e n s  Plat ans Svefsi Industri, Kristiveberg, Sweden. A 
s u m mary of its c o n s t r u c t i o n  and o p e r a t i o n  is g i v e n  in J o n a s s o n  
and O l a u s s o n  (1966). Several m o d i f i c a t i o n s  wer e  made by the 
staff at the M a r i n e  B i o logical A s s o c i a t i o n  Laboratory, 
Pl y m o u t h  to im p r o v e  it p e r f o r m a n c e  and maker it safer to 
operate. F i rstly a ha n d  rail was placed a round the corer. This 
made for safer and easier h a n d l i n g  of the equipment. The two 
25 kg w e i g h t s  wer e  s u p p l e m e n t e d  wit h  a further ten 25 kg 
weights. The corer was d e s i g n e d  for Sw e d i s h  fiords where the
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muds are very soft. In muds arou n d  P l y m o u t h  only a core 15cm 
deep was taken with 50k g  of weights. Ini t i a l l y  the weight was 
i n c r e a s e d  by the a d d i t i o n  of thirty 81b old sash w i n d o w  
w e i g h t s  but later ten 25kg lead we i g h t s  were cast. Other 
m o d i f i c a t i o n s  to the corer are d e s c r i b e d  in the plate h e a d i n g  
(Plate AlO, A l l ) .
N e w  box core liners were constructed, only two we r e  s u pplied 
with the corer and more we r e  n e e d e d  to a l l o w  m u l t i p l y  samples 
to be col l e c t e d  on one trip. The n e w  liners are i l l u s t r a t e d  in 
Plate A12. The y  have a r e m o v a b l e  side and were cons t r u c t e d 
from 2 m m  s t a i n l e s s  steel. After retrieval the liner was placed 
on a plywood base and wooden 3 c m  X 3 c m  blocks with a 1cm x 1cm 
angle cut away were pla c e d  by the side of the corer with the 
cut corner c o v e r i n g  the angled lip of the liner and then 
sc r e w e d  into the plywood. This w o r k e d  wit h  limited success, 
the v i b r a t i o n s  on the woo d  m a k i n g  the screws slowly w orked 
their way free.
After all the m o d i f i c a t i o n s  were c o m p l e t e d  the box core 
worked well with some sa m p l e s  b eing 5 0 c m  deep, the m a x i m u m  for 
this corer.
When c o n s i d e r i n g  what s a m p l i n g  technique to use the prime 
c o n s i d e r a t i o n  is d e c i d i n g  the n a t u r e  of the s a m p l e  requ i r e d 
(see M c I n t y r e  et al 1984). In this study s e m i q u a n t i t a t i v e  
benthic s a m p l e s  were d e e m e d  sufficient, so the anchor dredge 
was used. In s i t u  s ediment sa m p l e s  were requ i r e d  but the 
u nreli a b l i t y  and s l o w  sam p l e  t urn-over rate of all the corer 
limited the n u m b e r s  taken. M a r i n e  s a m p l i n g  ap p e a r s  to be 
compromise between an ideal s i t u a t i o n  and practicality. In 
this study more cores would have been b e neficial but only a 
few were obtained. The cru i s e  time between M e v a g i s s e y  Bay and 
Plymouth is over 3 h ours each way which leaves only 3 to 4 
hours w o r k i n g  time in M e v a g i s s e y  Bay. With such limited time 
greater e m p h a s i s  is placed on equipment which works, when the
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v i b r o c o r e r  b r o k e  t h e  t i m e  r e q u i r e d  f o r  i t s  r e p a i r  w as  
c o n s i d e r e d  t o o  l o n g  t o  j u s t i f y .  I t  w as -  t h e r e f o r e  a b a n d o n e d  a n d  
t h e  s h i p e k  g r a b  s a m p l e s  t a k e n  ( s a m p l e s :  6 . 0 1 - 6 . 1 7 ) .
T h e  t r e a t m e n t  o f  t h e  s a m p l e s  h a s  a l r e a d y  b e e n  c o v e r e d  i n  
t h e  r e l e v a n t  c h a p t e r s  a n d  a f u l l  d i s c u s s i o n  i s  g i v e n  i n  
E l e f t h e r i o u  & H o lm e  ( 1 9 8 4 ) .
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P l a t e  A l ;  R esearch  v e s s e l :  ''Sepia".
P l a t e  A2; R esearch  v e s s e l :  "Squilla".
P l a t e  A3; Anchor d red ge  w i t h  s i l t  sam ple  ( 3 . 1 0 )  on s i e v i n g  t a b l e .  The  
s t r i n g  a t  th e  b o tto m  o f  th e  n e t  i s  about t o  be u n t ie d .  The an cho r  d red g e  
w i l l  th en  be r a i s e d  and sam ple  e m p t ie d  o n to  th e  s i e v i n g  t a b l e  ( A p r i l  1986)
f l a t e  A4; Sample 3 . 1 0  b e in g  washed th ro u g h  th e  s ie v e  w h ich  i s  i n  th e  
a t  th e  f a r  end o f  the  t a b l e  ( A p r i l  1 9 8 0 ) .
hole
1P l a t e  A5; Damaged anc ho r  d re d ge  a f t e r  s t r i k i n g  exposed r o c k s  ( S t a t i o n  5 . 0 1 ,  
March 1 9 9 7 ) ,
P l a t e  AG; P h y l l i t e  ( w i t h  s e r p u l i d s  and f o r a m i n i f e r a  and o t h e r  e n c r u s t e r s )  
found I n  d re d g e  a f t e r  i t  s t r u c k  th e  ro c k s  a t  S t a t i o n  5 .0 1  (M arch  1 9 8 7 ) .
P l a t e  A7; R e ta in e d  s ie v e  sam ple  from  th e  Amphiura filiformis subcommunity  
( S t a t i o n  3 . 1 0 ,  A p r i l  1 9 8 6 ) .
P l a t e  A8; R e ta in e d  l i v e  and dead sample from  th e  muddy sand community  
( S t a t i o n  3 . 0 8 ,  A p r i l  1 9 8 6 ) .
P l a t e  A9; Box c o r e r  as s u p p l ie d .  No m o d i f i c a t i o n s  have  been made a t  t h i s  
s ta g e  (November 1 9 8 5 ) .
I
P l a t e  AlO; F la p s  a t  top  o f  box c o r e r .  A t a l a t e r  s ta g e  th e s e  w ere r o t a t e d  
by 90^* to  a l l o w  them to  re m a in  open a f t e r  th e  ja w s  had s h u t .  The b a r  above  
them (X ) i s  lo w e r  a f t e r  th e  ja w s  s h u t ,  The f l a p s  w ere  o r i g i n a l l y  u n a b le  to  
s t a y  open w hich  p re v e n te d  th e  r a p i d  d is p la c e m e n t  o f  w a te r  f rom  th e  box as  
the c o re  sample e n te r e d  th e  box. The w e ig h ts  o f  th e  c o r e r  has been  
In c r e a s e d  by th e  sash window w e ig h t s  (Y )  as th e  le a d  w e ig h ts  s u p p l ie d  (Z )  
were n ot s u f f i c i e n t  (May 1 9 0 6 ) .
Ig
P l a t e  A l l ;  Box c o r e r  w i t h  a l l  th e  m o d i f i c a t i o n s  c o m p le te d . Ten a d d i t i o n  
25kg w e ig h ts  ( B - F ) ,  in c r e a s e d  th e  d e p th  p e n e t r a t i o n .  The hand r a i l  (G) was
f o r  s a f e r  o p e r a t io n  as  th e  c o r e r  was p ro n e  t o  sw ing  v i o l e n t l y  even i n  ca lm
w a te r  and a ls o  p ro v id e d  an a d d i t i o n a l  s u r f a c e  f o r  a t ta c h m e n t  o f  th e  two 
a d d i t i o n a l  w e ig h ts  ( F ) .  The e l a s t i c  c o rd  (H ) h e lp e d  to  keep th e  p in  ( I )  i n  
p la c e  as th e  c o re  d ro pp ed  th ro u g h  th e  w a t e r .  T h i s  p in  p r e v e n te d  th e  ja w s  
from  c l o s i n g  u n t i l  th e  c o r e r  h i t  th e  s e a - f l o o r .  On r e a c h in g  th e  s e a - f l o o r  
th e  im pact would  cause th e  p in  to  " jum p" o u t  and th e  ja w s  w ould  c lo s e  as
th e  c o r e r  was r a i s e d  ( J u l y  1 9 8 6 ) .
P l a t e  A12; Box c o re  l i n e r s ,  th e s e  w ere d es ig n ed  f o r  t h i s  s tu d y  and a l lo w e d  
e x a m in a t io n  o f  v e r t i c a l  s e c t i o n s  o f  th e  c o re  sam ples ( J u l y  1 9 0 6 ) .
P l a t e  A13; S u c c e s s fu l  box c o re  ta k e n  f ro m  P lym o uth  Sound d u r in g  th e  t r a i l  
o p e r a t io n  o f  c o r e r .  The l i n e r  was s u p p l ie d  w i t h  th e  c o r e r  and has no 
rem o vab le  s id e  (May 1 9 8 6 ) .
P l a t e  A14; U n s u c c e s s fu l  box c o re  (P lym ou th  S ound). The sandy n a t u r e  o f  th e  
s u b s t r a t e  r e s u l t e d  th e  sam ple  b e in g  washed th ro u g h . T h is  c o u ld  n o t  be 
p r e v e n te d  and as a consequence no sam ples  w ere ta k e n  from  sandy s u b s t r a t e s  
(May 1 9 0 6 ) .
P l a t e  A15; V ib r o c o r e  b e in g  lo w e re d  i n t o  se a .  The v i b r a t o r  m o tor i s  i n  th e  
s p h e re  a t  th e  top  o f  th e  c o r e r  (X )  and th e  c o re  i s  c o l l e c t e d  i n  th e  c e n t r a l  
v e r t i c a l  p ip e  (Y) (O c to b e r  1 9 8 7 ) .
P l a t e  A16; A g e n e r a t o r  b e in g  lo a d e d  on to  " S q u i l l a " .  T h is  was tn e  power -  
s u p p ly  f o r  th e  v i b r o c o r e r .  The h y d r a u l i c  c ra n e  was f i t t e d  o n to  th e  v e s s e l  
i n  th e  w i n t e r  o f  1 9 0 5 /6  an was p a r t i c u l a r l y  u s e f u l  f o r  o p e r a t i o n  o f  th e  
box c o r e r  (O c to b e r  1 9 0 7 ) .
P l a t e  A17; S h ip ek  g ra b  used f o r  c o l l e c t i n g  sed im en t sam ples; 6 ,0 1  -  6 . 1 7  
(O c to b e r  1 9 8 7 ) .
P l a t e  A 18; Sample c o l l e c t e d  by S h ip ek  g ra b  (sam ple  6 . 0 8 ,  O c to b e r  1 9 8 7 ) .
P l a t e  A19; G r a v i t y  lo n g  c o r e r  lo a n e d  f ro m  NEKC, B a r r y  (June 1 9 8 6 ) .
Aid) Radiography
T h e  r a d i o g r a p h s  w e r e  t a k e n  a t  K i n g s '  C o l l e g e  H o s p i t a l ,  w i t h  
a  S e i m e n s  H i g h  F r e q u e n c y  X - r a y  G e n e r a t o r .  T h e  f o c a l  s p o t  w a s  
Irmn a n d  ' t h e  f o c u s  d i s t a n c e  w a s  1 0 0 c m  a n d  t h e  f i l m ;  K o d a x  
r e g u l a r  XG f i l m .  T h e  mud b l o c k s  w e r e  o v e n  d r i e d  a t  l o w  
t e m p e r a t u r e  ( 3 0 - 4 0 ‘=‘C> a n d  s c r a p e d  s m o o t h  w i t h  a n  o l d  k i t c h e n  
k n i f e  s o  t h a t  t h e  w h o l e  b l o c k  w a s  5 c m  t h i c k .  T h e  b l o c k s  w e r e  
t h e n  p l a c e d  i n  l a r g e ,  p l a s t i c  b a g s  a n d  s e a l e d .  T h i s  k e p t  t h e  X -  
r a y  m a c h i n e r y  a s  c l e a n  a s  p o s s i b l e .  T h e  f o l l o w i n g  KV a n d  MAS 
w a s  u s e d  f o r  t h e  s u c c e s s f u l  r a d i o g r a p h s  i l l u s t r a t e d  i n  t h i s  
s t u d y :
K v M as
BC3 4 6 1 0 0 0
BC4 4 6 1 0 0 0
Be 6 a 4 8 1 0 0 0
Be 6 b 4 8 1 0 0 0
R e s  2 a i 5 2 1 0 0 0
r e s  2 a i i 5 2 1 0 0 0
T h e  p r i n t s  o f  t h e  r a d i o g r a p h s  i l l u s t r a t e d  i n  t h i s  s t u d y  w e r e  
t a k e n  b y  p h o t o g r a p h i n g  t h e  X - r a y s  o n  a  l i g h t  t a b l e  w i t h  35mm  
s l i d e  f i l m  a n d  h a v i n g  " t r a n s p r i n t s "  m ad e  f r o m  t h e s e  s l i d e s .
A l e )  I m p r e g n a t i o n .
T h e  f i r s t  b o x  c o r e  s e c t i o n  t o  b e  i m p r e g n a t e d  w a s  a  d r i e d  3 c m  
t h i c k  s l i c e  f r o m  BC A1 ( s t a t i o n  4 . 0 4 ) .  T h i s  w a s  1 0  x  15  x  4 c m  
i n  s i z e  a n d  w a s  s u c c e s s f u l l y  i m p r e g n a t e d  w i t h  p o l y e s t e r  r e s i n  
u s i n g  t h e  t e c h n i q u e  d e s c r i b e d  b y  G r e e n  ( 1 9 8 6 ) .
A f t e r  t h e  s e c t i o n s  l i s t e d  i n  A i d  ( a b o v e )  h a d  b e e n  X - r a y e d  a n  
a t t e m p t  t o  i m p r e g n a t e  t h e m  w a s  m a d e .  T h e i r  l a r g e r  s i z e  ( u p  4 0  
X 3 0  X 5 c m )  r e s u l t e d  i n  a  p o o r  i m p r e g n a t i o n  a n d  s o  a  l e s s  
v i s c o u s  b u t  c o n s i d e r a b l y  m o r e  e x p e n s i v e  e p o x y  r e s i n  w a s  u s e d .
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I n  a l l  t h e  s a m p l e s  t h e  f o l l o w i n g  m i x t u r e  p r o v e d  s u c c e s s f u l ;  
A r a l d i t e  r e s i n  AY 18  ( 4 5 % ) ,  H a r d e n e r  HY 18  ( 4 5 % )  a n d  a c e t o n e
( 1 0 % ) .  T h e  mud b l o c k s  w e r e  s o a k e d  i n  t h i s  m i x t u r e  f o r  a b o u t  2 0
m i n u t e s  a n d  t h e n  p l a c e d  i n  a  v a c u u m  f o r  a  f u r t h e r  2 0  m i n u t e s .  
T h e  v a c u u m  w a s  s l o w l y  r e l e a s e d  a n d  i f  n e c e s s a r y ,  t h e  r e s i n  
w o u l d  b e  t o p p e d  u p ,  T h e  m i x t u r e  w a s  t h e n  l e f t  f o r  15  h o u r s  
u n d e r  p r e s s u r e  ( 6 0 - 7 0  b a r s ,  8 7 0  P o u n d  p e r  S q u a r e  I n c h ) .  A f t e r  
t h i s  t i m e  t h e  mud b l o c k  c o u l d  e i t h e r  b e  l e f t  w i t h i n  t h e  m o u l d  
t o  s e t  w i t h i n  t h e  r e s i n  o r  r e m o v e d  f r o m  t h e  l e f t  o v e r  r e s i n
a n d  d r i e d  i n  a  f a n  o v e n  a t  t e m p e r a t u r e s  n o  g r e a t e r  t h a n  3 5  <>C,
S l i c e d  s e c t i o n s  o f  t h e  v i b r o c o r e s  w e r e  i m p r e g n a t e d  w i t h  
e p o x y  r e s i n  i n  t h e  w a y  d e s c r i b e d  a b o v e .  I t  w a s  f o u n d  t h a t  t h e  
s e c t i o n  w e r e  d a m a g e d  w h e n  t h e y  w e r e  r e m o v e d  f r o m  t h e  p l a s t i c  
l i n e r  s o  i n s t e a d  t h e y  w e r e  i m p r e g n a t e d  w i t h i n  t h e  l i n e r .  A s  
t h e  l i n e r  w o u l d  s o f t e n  i n  t h e  r e s i n  m i x t u r e  t h e  c o r e  w a s  
s u p p o r t e d  b y  c l o t h  a n d  w i r e .
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5 )  D a t a ,  e x p l o r a t i o n  by. m u l t i v a r i a t e  s t a t i s t i c a l  t e c h n i q u e s
A l t h o u g h  t h e  c o m m u n i t i e s  f o r  b o t h  t h e  l i v e  s u r v e y s  a n d  d e a d  
s u r v e y s  w e r e  o r i g i n a l l y  a s s e s s e d  o b j e c t i v e l y ,  t h e  d a t a  f o r  a l l  
t h e  s u r v e y s  w a s  a l s o  s u b j e c t e d  t o  a  n u m b e r  o f  s t a t i s t i c a l  
a n a l y s e s .  T h e s e  t e c h n i q u e s  h a v e  i n  com m on t h e  a i m  o f  r e d u c i n g  
m u l t i v a r i a t e  d a t a  i n  a  h i g h  n u m b e r  o f  d i m e n s i o n s  t o  a  l o w  
o r d e r  d i m e n s i o n a l i t y  ( 2 - 3 d )  w h i c h  c a n  b e  d i s p l a y e d  g r a p h i c a l l y  
a n d  s o  m o r e  e a s i l y  i n t e r p r e t e d .  T h e  f o l l o w i n g  t e c h n i q u e s  w e r e  
t r i e d ;  M u l t i d i m e n s i o n a l  S c a l i n g  ( M D S ) , P r i n c i p a l  C o m p o n e n t s  
A n a l y s i s  ( P G A ) ,  C o r r e s p o n d e n c e  A n a l y s i s  ( C A )  a n d  a  c o m b i n a t i o n  
o f  PCA a n d  MDS. I  am g r a t e f u l  t o  D r  D . M a n n i o n  ( D e p a r t m e n t  o f  
M a t h e m a t i c s ,  R . H . B . N . C . )  w h o  w r o t e  a  l a r g e  s u i t e  o f  p r o g r a m s  
t o  i m p l e m e n t  t h e s e  t e c h n i q u e s  a n d  r a n  t h e m  o n  t h e  C o l l e g e  V a x  
C o m p u t e r .
T h e  m a t h e m a t i c a l  p r i n c i p l e s  o f  MDS, PCA a n d  CA a r e  o u t l i n e d  
i n  M a r d i a  e t  a l  ( 1 9 7 9 )  a n d  T o i t  e t  a l  ( 1 9 8 6 )  a n d  e a c h  
t e c h n i q u e  i s  d i s c u s s e d  t o  g r e a t  d e t a i l  i n  B o r g  & L i n g o e s  
( 1 9 8 7 ) ,  J o l l i f f e  ( 1 9 8 6 )  a n d  G r e e n a c r e  ( 1 9 8 4 )  r e s p e c t i v e l y .  A  
m o r e  g e n e r a l  d i s c u s s i o n  o f  PCA i s  g i v e n  i n  D a v i s  ( 1 9 7 3 )  w h i l e  
s o m e  e x a m p l e s  o f  i t s  a p p l i c a t i o n  a r e  l i s t e d  i n  T i l l  ( 1 9 7 4 ) .  
S t a t i s t i c a l  a n a l y s e s  o f  e c o l o g i c a l  c o m m u n i t i e s  i s  g i v e n  i n  
D i g b y  & K e m p t o n  ( 1 9 8 7 ) .
F u r t h e r  w o r k  o n  t h e s e  t e c h n i q u e s  i s  i n t e n d e d .
A 5 i )  M u l t i d i m e n s i o n a l  s c a l i n g  (M D S )
M u l t i d i m e n s i o n a l  s c a l i n g  o r  MDS i s  a  r e l a t i v e l y  n e w  
t e c h n i q u e  a n d  h a s ' b e e n  u s e d  o n  p a l a e o n t o l o g i c a l  o r  e c o l o g i c a l  
d a t a  o n l y  i n  a  v e r y  f e w  c a s e s  ( e g  B j e r s t e d t  1 9 8 8 ) .  T h e  a i m  o f  
MDS i s  t o  r e d u c e  t h e  d i m e n s i o n a l i t y  o f  a  d a t a  m a t r i x  t o  t w o  o r  
t h r e e  d i m e n s i o n s  ( i n  t h e  c a s e  o f  t h e  l i v e  f a u n a l  s u r v e y  
c a r r i e d  o u t  f o r  t h i s  s t u d y  t h e  m a t r i x  w a s  s e v e n t y  ( n u m b e r  o f  
s p e c i e s )  b y  t h i r t y  e i g h t  ( n u m b e r  o f  s t a t i o n s )  . I t  d o e s  t h i s
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b y  m e a s u r i n g  t h e  e u c l i d e a n  d i s t a n c e  b e t w e e n  e a c h  s p e c i e s  f o r  
e a c h  s t a t i o n ;  i e ,
w h e r e  k i  =  s p e c i e s  k a t  s t a t i o n  i
k j  = s p e c i e s  K a t  s t a t i o n  j
d =  e u c l i d e a n  d i s t a n c e
I n  t h r e e  d i m e n s i o n s ,  t h i r t y  e i g h t  p o i n t s  a r e  c h o s e n  s o  t h a t  
t h e  d i s t a n c e s  b e t w e e n  t h e m  h a v e  a s  n e a r  a s  p o s s i b l e  t h e  s a m e  
r a n k i n g  a s  t h e  c o r r e s p o n d i n g  p o i n t s  i n  t h e  h i g h e r  d i m e n s i o n s  
( 7 0 ) .
T h e  s t r e s s  v a l u e  i s  a  m e a s u r e  o f  t h e  a g r e e m e n t  b e t w e e n  t h e  
c a l c u l a t e d  o r d e r i n g  a n d  t h e  p l o t .  A l o w  s t r e s s  v a l u e  
(<  1 5 % ) i n d i c a t e s  a  g o o d  a g r e e m e n t  a n d  h i g h  s t r e s s  v a l u e  a  b a d  
a g r e e m e n t  0 1 5 % ) ,
T h e  o r i g i n a l  v a l u e s  w e r e  s c a l e d  i n  f o u r  d i f f e r e n t  w a y s ;  
u s i n g  t h e  a c t u a l  v a l u e s  ( u n s e a l e d ) ,  t h e  l o g  o f  t h e  n u m b e r s  
( s c a l e d  I n ) ,  d i v i d i n g  t h e  o r i g i n a l  v a l u e  b y  t h e  s t a n d a r d  
d e v i a t i o n  f o r  t h e  f a u n a  a t  e a c h  s t a t i o n ,  a n d  b y  p r e s e n c e -  
a b s e n c e  o r  0 - 1  d a t a .
T h e s e  c a l c u l a t i o n s  w e r e  c a r r i e d  o u t  o n  t h e  l i v e  d a t a  f o r  t h e  
1 9 9 5 / 6  s u r v e y  a n d  t h e  m e t h o d s  o f  s c a l i n g  w h i c h  p r o d u c e d  t h e  
c l e a r e s t  d i s c r i m i n a t i o n  o f  c o m m u n i t i e s  w a s  t h e n  u s e d  o n  t h e  
o t h e r  d a t a  s e t s .  A s u m m a r y  o f  a l l  t h e  c a l c u l a t i o n s  p e r f o r m e d  
i s  g i v e n  i n  t h e  t a b l e  ( A 2 )  b e l o w .
B o t h  t h r e e  d i m e n s i o n a l  p l o t s  a n d  t w o  d i m e n s i o n a l  p l o t s  w e r e  
p r o d u c e d  b u t  i n  e v e r y  c a s e  t h e  t h r e e  d i m e n s i o n a l  p l o t  w i t h  
d i m e n s i o n  1 a g a i n s t  d i m e n s i o n  2 p r o d u c e d  t h e  b e s t  
d i s c r i m i n a t i o n  o f  c o m m u n i t i e s  a n d  t h e  t h e  m o s t  s u c c e s s f u l
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f o r m  o f  s c a l i n g  w a s  w h e n  p r e s e n c e  a b s e n c e  d a t a  w a s  u s e d .  A s  a  
m i x t u r e  o f  MDS a n d  PCA r e s u l t  i n  e v e n  b e t t e r  - d i s c r i m i n a t i o n  
t h e  l a t e r  m e t h o d  w a s  u s e d  m o r e  e x t e n s i v e l y  ( s e e  l a t e r ) .
Tablfi. ÔIL SuilMIY t t l thfi. USfi. q1 tlQ i fûL distinguishing d ifferent benthic 
H£Yafllsaex Bay. lA ll plots IüLIê in  three, dimensions with dimension l  against 2 )..
Key; XXX; that particular community is well defined by a cluster of points with only one 
station or no other stations from another community overlapping into that 
cluster,
XX; the stations of a particular community cluster together but there may be some 
overlap of stations from gne. other community,
X; the community can be recognised by a crude clustering of points but there is a 
significant amount of overlap with many stations from other communities,
-; i t  is not possible to recognise any trace of a community.
L m  mm. MULTIDIMENSIONAL S C A L W G  
Scaling COMMUNITY RECOGNITION
'
1 Sand 1 Muddy sand 1 Amphiura 1 Turrite lla  1 Gravel 1
None X X XXX XXX -
Standard dev. - - - X
log XXX XXX XX XX XX
]-0 XXX XXX XXX XXX XX
DEAIM ASSEMBLAGE DATA:
0-1 X XXX XX . XX XXX
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lABLE A2
MULTIDIMENSIONAL SCALING FOR PROBERTS (1973) AND HOWELL & SHELTONS (1970) DATA 
Scaling COMMUNITY RECOGNITION
1 Azoic 1 Inshore 1 Central 1 Fringe 1
Howell & Shelton
0 - 1  X X X
Probert
0-1 X XX XXX XXX
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ASii) Principal components analysis
P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  i s  a  t e c h n i q u e  w h i c h  s e t s  o u t  
t o  f i n d  a  m e a s u r e m e n t  i n  t h e  d a t a  w h i c h  w h i c h  h a s  t h e  m a x im u m  
a m o u n t  o f  v a r i a b i l i t y .  E s s e n t i a l l y  i t  p e r f o r m s  a  m a t r i x  
t r a n s f o r m a t i o n ,  i n  t h e  n e w  m a t r i x  t h e  m a j o r i t y  o f  t h e  
v a r i a t i o n  i s  u s e d  u p  i n  a  f e w  v a r i a b l e s .
I m a g i n e  a  m u l t i d i m e n s i o n a l  c l o u d  o f  p o i n t s ,  a s  t h i s  c l o u d  o f  
p o i n t s  i s  r o t a t e d  t h e .  s h a p e  i n  p l a n e  v i e w  w i l l  v a r y  d e p e n d i n g  
o n  t h e  p o s i t i o n  i t  i s  v i e w e d  f r o m  ( t h e  s h a p e  o f  a  r u g b y  b a l l  
w i l l  a p p e a r  o v a l  i n  o n e  v i e w ,  b u t  c i r c l a r  i f  v i e w e d  d o w n  t h e  
l o n g  a x i s ) .  PCA o v e r c o m e s  t h i s ,  i t  s e t s  u p  a  s e t  o f  a x e s  
t h r o u g h  t h e  b a l l ,  a n d  r o t a t e s  i t  i n  s u c h  a  w a y ,  t h a t  y o u  c a n  
a p p r e c i a t e  i t s  t r u e  s h a p e .  T h i s  c a n  o n l y  b e  d o n e  g r a p h i c a l l y  
i n  t h r e e  o r  t w o  d i m e n s i o n s .  T h e  f i r s t  a x i s  ( o r  e i g e n v e c t o r )  
i s  t h e  a x i s  o f  m a x im u m  v a r i a b i l i t y ,  t h e  s e c o n d  a x i s ,  t h e  
s e c o n d  l a r g e s t  v a r i a b i l i t y  a n d  t h i r d  a x i s  t h e  n e x t  l a r g e s t  
v a r i a b l e  a n d  s o  o n .
C o m m u n i t y  d e f i n i t i o n  w a s  n o t  a s  s u c c e s s f u l  a s  MDS s o  i t  w a s  
n o  p u r s u e d  a n y  f u r t h e r .
366
9 %
l i b U  All Summary ol tsaulls. lai. Brineipal Components Analyses.





Sandy 1 Muddy sand 1 Amphiura 1 Turrite lla  1 Gravel 1
Unsealed
1 v 2 X XXX XXX XX -
1 v 3 X XXX XX XXX XX
1 v 4 X X XXX X
' 2 V 3 X XXX XX XX X
2 V 4 - X X XX -
3 V 4 - X X -
DEATH ASSEMBLAGE DATA:
None 1 V 2 - XXX XX XX -
log 1 V 2 X XXX XX XX XXX




Eigenvectors 1 Azoic 1 Inshore 1 Central 1 Fringe 1
Probert (1973)
Scaled, log 1 v 2 XX XX XXX X
Probert (1973)
Scaled, 0-1
1 V 2 XXX XXX XX XX
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ASiii) Correspondence Analysis
CA i s  s i m i l a r  t o  PCA, b u t  a l l  t h e  d a t a  i s  r e d u c e d  t o  t w o  
d i m e n s i o n s .  I t  i s  c a p a b l e  o f  s i m u l t a n e o u s l y  p l o t t i n g  s p e c i e s  
a n d  s t a t i o n s  b u t  i n  t h i s  s t u d y  u n s a t i s f a c t o r y  r e s u l t s  w e r e  
o b t a i n e d  w h e n  o n l y  t h e  s i t e s  w e r e  c o n s i d e r e d  a n d  s o  i t  w a s  n o t  
c o n s i d e r e d  a n y  f u r t h e r .  F u r t h e r  w o r k  o n  t h i s  t e c h n i q u e  i s  
i n t e n d e d .
Table Ail Summary, ol results Iû l Correspondence Aniiysos. ilo i key see. Table A21
LIVE FAUNA (1985/6)1 CORRESPONDENCE ANALYSIS 
Scaling
Eigenvectors 1 Sandy 1 Muddy sand
COMMUNITY RECOGNITION 
1 Amphiura 1 Turrite lla  1 Gravel 1
None ;
1 V 2 XXX XX X X
1 V 3 XX XX XX XX -
1 V 4 X XX X X X
2 V 3 - - X - -
2 V 4 - X X - X
3 V 4 - - X - XX
0-1 ;
1 V 2 XXX XXX . . XX
1 V 3 XXX XXX - - XXX
1 V 4 XXX. X - - -
2 V 3 XX X - - XX
2 V 4 XXX XX - - X
3 V 4 - - - - XX
In 1 V 2 XXX XXX - -
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A 5 i v )  m s  -  P C A
I n  t h i s  t e c h n i q u e  t h e  n u m b e r  o f  d i m e n s i o n s  ( r e p r e s e n t e d  b y  
t h e  d i f f e r e n t  s p e c i e s )  w a s  r e d u c e d  t o  e i g h t  b y  s u b s i s t i n g  t h e  
a c t u a l  f a u n a  d a t a  f o r  t h e  t o p  e i g h t  e i g e n v e c t o r s  f o r  t h e  d a t a  
c a l c u l a t e d  b y  PC A  a n d  r u n n i n g  MDS o n  t h e  r e m a i n i n g  d a t a .
T h i s  p r o d u c e d  b y  f a r  t h e  b e s t  c l u s t e r i n g  a n d  w a s  r u n  o n  a l l  
t h e  d a t a  s e t s .  T h e  r e s u l t s  o f  t h i s  t e c h n i q u e  w e r e  u s e d  t h e  
t e x t  ( C h a p t e r s  3 ,  4  a n d  5 ) .
T a b l e  A 5 ;  S u m m a r y  f i f .  r e s u l t s  f o r  c o m b i n e d  PCA a n d  M DS.
LÎvrÎ985/6rPRÎNnPLÊlÔMPÔNÊNÏrr iîETE
Scaling COMMUNITY RECOGNITION
1 Sandy 1 Muddy sand 1 Amphiura 1 T u rrite lla  1 Gravel 1
0-1 XXX XXX XXX XXX X
log XXX XXX XXX XX XX
DEATH ASSEMBLAGE;
0-1
XX XXX XX XX XXX
log; XX XXX XX XX XXX
COMMUNITY RECOGNITION
1 Azoic 1 Inshore 1 Central 1 Fringe




log XXX XX XX X
Probert (1973) -
0-1 XXX XX XXX XXX
log XX XX XXX XX
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Appendix 2^
A) Species abundance data
The faunal data is presented in three ways; firstly there is 
a list of all the species recovered in the dredge survey. In 
section B, the data for all the live and data is tabulated. 
There are 4 separate tables for both the live and dead fauna, 
each table listing the data for each cruise (the data for 
cruise' 5 ' is in the same table as the data for cruise 4). 
Finally in section C the relative abundance for both live and 
dead species are illustrated on maps. For each figure the data 
for both the live and dead fauna collected in the present 
study are illustrated with similar maps for live surveys 
taken in 1958 (Howell & Shelton 1970) and 1971 (Probert 1971), 
The complete data sets for these earlier surveys are given in 
the two references cited.
The species are in the same order as the Plymouth Marine 
Fauna (Marine Biological Association 1957) where details of 
the authors can be found.
A) Species list 
PHYLUM: COELENTERATE
1) E d w a r d s i a  c a l l i m o r p h a  
PHYLUM: NEMATHELMINTHES
2) Unidentified Nemathelminthe 
PHYLUM: ANNELIDA
3) A p h r o d i t e  a c u l e a t a
4) N e r e i s  sp.
5) N e r e i s  v i r e n s
6) N e p h t y s  sp.
7) G l y c e r a  sp.
8) O w e n i a  f u s i f o r m i s
9) S a b e l l a  sp.
10) L y g d a m i s  m u r a  t a  (not in MBA 1957)
11) F e e t  i n a r i a  sp.
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12) M e l i n n a  p a l  ma t a
13) A m p h i t r i t e  sp.
133) Serpulid.
14) Unidentified polychaete 
PHYLUM: SIPUNCULOIDEA
15) C e r e b r a t u l u s  f u s c u s
16) Unidentified sipunculid
PHYLUM: PRIAPULA
17) Unidentified Prfapula. 
PHYLUM ARTHROPODA
18) Unidentified barnacles
19) Sub order Natannia.
20) G am m arus  l o c u s  t a
21) Unidentified Isopod
22) U p o g e b l a  s t e l l a t a
23) C a l l i a n a s s a  sp.
24) E b a l l a  c r a n c h i
25) C o r y s t G s  c a s s l v e l a u n u s
26) M a c r o p i p u s  p u s ! 11 u s
27) M a c r o p i p u s  d e p u r a t o r  
2Ô1 U n i d e n t i f i e d  c r a b ,
PHYLUM: ECHINODERMATA
2 9 )  A s t r o p e c t e n  i r r e g u l a r i s
30) A s t e r i a s  r u b e n s
31) A m p h i u r a  f i l i f o r m i s
32) A c r o c n i d a  b r a c h i a  t a
33) O p h i u r a  a l b i d a
34) O p h i u r a  t e x t u r a t a  
135) E c h i n u s  e c h i n u s
35) E c h i n o c y a m u s  p u s i l l u s
36) P a r a c e n t r o t u s  l i v i d u s
37) E c h i n o c a r d i u m  c o r d a t u m
38) C u c u m a r i a  e l o n g a t a
39) T h y o n e  f u c u s
40) T h y o n e  r a p h a n u s
41) L a b i d o p l a x  d i g i t a t a
PHYLUM: MOLLUSCA
42) E u m a r g i n u l a  r e t i c u l a t a
43) D i o d o r a  a p e r t u r a
44) P a t e l l a  sp.
45) P a t i n a  p e l l u c i d a
46) Ac m ae a  v i r g i n e a
47) C a l l i o s t o m a  sp.
48) G i b b u l a  sp.
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49) L i t t o r i n a  sp,
50) R i s s o e l l a  sp.
51) T u r r i t e l l a  c o m m u n i s
52) A p h o r r h a i s  p e s p e l e c a n i
53) C l a t h r u s  c l a t h r u s
54) E u l i m a  t r i f  a s c i a t a
55) N a t i c a  a l d e r i
56) T r i v i a  m o n a c h a
57) N u c e l l a  l a p i l l u s
58) N a s s a r i  u s  r e t i c u l a t u s
59) M a n g e l i a  a t  t e n u a t a
60) A c t e o n  t o r n a t i l i s
61) T u r b o n i l l a  e l e g a n t i s s i ma
62) ë c a p h a n d e r  1 i g n a r i  u s
63) C y l i c h n a  c y l i n d r a c e a
64) P h i l i n e  q u a d r i p a r t i t a
65) A s s i m i n e a  g r a y a n a
66) C h e m n i t i z a  f o r m u l o s a
67) A m p h i z p y g i a  h y a l i n a
68) B u i  l i a  s t r i a t u l a
69) Unidentified gastropods
70) D e n t a l i u m  e n t a i l s
71) N u c u l a  h a n l e y i
72) N u c u l a  t u r g i d a
73) A c r a  t e t r a g o n a
74) A c r a  l a c t e a
75) M o d i  o l  u s  m o d i o l u s
76) M y t i l u s  e d u l i s
77) O s t r e a  e d u l i s
78) A n o m i a  e p h i p p i u m
79) C h l a m y s  sp.
80) S i m i l i p e c t e n  s i m i l i s
81) C h l a m y s  t i g e r i n a
82) C h l a m y s  o p e r c u l a r i s
83) C h l a m y s  v a r i a
84) L i m a  s u b a u r i c u l a  t a
85) L i m a  h i  a n s
86) L i m a  l o s c o m b i
87) C y p r i n a  i s l a n d i c a
88) D i p l o d o n t a  r o t  u n d a t a
89) T h y a s i r a  f l e x u o s a
90) L u c i n o m a  b o r e a l  i s
91) M y r t e a  s p i n i f e r a
92) L e p t o n  s q u a m o s u m
93) M y s e l l a  b i d e n t a t a
94) M o n t a c u t a  f e r r u g i n o s a
95) L a e v i c a r d i u m  c r a s s u m
96) P a r v i c a r d i u m  ( C a r d i u m )  o v a l e
97) C a r d i u m  e d u l e
98) A c a n t h o c a r d i a  a c u l e a t a
99) A c a n t h o c a r d i a  e c h i n a t a
100) G o u l d i a  m i n i m a
101) D o s i n i a  e x o l e t a
102) D o s i n i a  l u p i n u s
372
103) V e n u s  o v a  t a
104) V e n u s  f a s c i a t a
105) Kenus s t r i a t u l a
106) V e n e r u p i s  r h o m b o ï d e s
107) N o t i r u s  i r u s
108) M y s i a  u n d a t a
109) S p i s u l a  e l l i p t i c a
110) M a c t r a  c o r a l l i n a
111) L u t r a r i a  sp.
112) L u t r a r i a  l u t r a r i a
113) L u t r a r i a  a n g u s t i o r
114) G a r i  f e r v e n s i s
115) S o l e c u r t u s  sp.
116) S o l e c u r t u s  c h a m a s o l e n
117) S o l e c u r t u s  s c o p u l a
118) A b r a  n i t i d a
119) A b r a  a l b a
120) T e l l i n a  d o n a c i n a
121) T e l l i n a  f a b u l a
122) T e l l i n a  t e n u i s
123) T e l l i n a  p y g m a e a
124) D o n a x  v i t  t a  t u s
125) D o n a x  v a r i e g a t u s
126) C u l t e l l u s  ( P h a x u s )  p e l l u c i d u s
127) E n s i s  e n s i s
1 2 8 ) E n s i s  a r c u a t u s
129) C o r b u l a  g i b b a
130) T h r a c i a  sp.
131) C o c h l o d e s m a  p r a e t e n u e
132) L o r i p e s  l u c i n a l i s  ( n o t  i n  MBA 1 9 5 7 ) ,
134) Vertebrates (bone fragments only)
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Table AG: Data for anchor dredge survey of live fauna taken from stations
1.01-1.07.
Station no; 1.01 1.02 1.03 1.04 1.05 1.06 1.07
Edwards!a callimorpha - -  -  13 223
N e m a t h e lm in t h e  -  1 1 -  -  1 -
Nereis sp. 4 -  -  1 6 4 7
Nephtys sp. -  -  3 -  1 -  5
Glycera sp, 1 - - - - -  -
Owen!a f u s i f o r m l s  1 - - 4 3 2 -
Mel inna  pa lmata - - - - - -  10
A m p h i t r i t e  sp. - - - - - -  i -
Lygdamis mura ta _ _ _ _ _  i
Unidentified polychaete - - 1 - - - -
Priapula - - 4 0.5
Upogebia s t e l l a t a  - - - - 2 2 -
E b a l i a  c r a n c h i _ _ _ _ _  l
A s t ro p e c te n  i r r e g u l a r i s  0.5 1
Amphiura f i l i f o r m i s  - 2 139 30 1
Acrocn id a  b r a c h i a t a - - - 1 - - -
Ophiura a l b i d a  _ _ _ _ _  2 -
Ophiura t e x t u r a t a  - - 1 - - 0.5
Ech inocard ium c o r d a tum - 2 11 2 1 - 1,5
Cucumaria e lo n ga ta 0.5 - 4
L a b id o p la x  d i g i t  a t  a - 2.5 11 - 1 1 6
T u r r i t e l l a  communis - - 23 16
Eu l ima t r i f a s c i a t a  _ _ _ _ _ _ _
Acteon t o r n a t i l i s  _ _ _ _ _ _ _
P h i l i n e  q u a d r l p a r t i t a  - - 1 - - - -
Nucula t u r g i d a - 1 1 - - 2 -
Tbyas i ra  f l e x u o s a - - 1 - - - -
Lucinoma b o r e a l i s  - - 1 - - - -
Myrtea s p i n i f e r a  - - - 1 - 2 1
My s e l l  a b i d e n t a t a - 1 - - - - -
Montacuta f e r r u g i n o s a - - - 1 - - -
Gould ia  minima _ _ _ _ _   ^ _
D o s in ia  e x o le ta _ _ _ _ _  1
D o s in ia  l u p i n u s _ _ _ _ _ _  j
Venus s t r i a t u l a  1 2 - - - 3 33.5
Mysia undata _ _ _ _ _ _ _
Mactra c o r a l l i n a  2 - - - - -  -
L u t r a r i a  sp. - 1 - - - - -
L u t r a r i a  a n g u s t i o r 1 - - - - -  -
S o le c u r t u s  scopu la - - - - 1 2 -
Abra a lb a 7 - - - - 2 1 . 5
Donax v i t t a t u s  2 - - - - -  -
En s is  a r c u a tu s 1 - - - - 1
Corbula g ibba - - 1 1 - - -
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T a b l e  A7;_ D a t a  f o r  anchor  d redge  s u r v e y  o f  l i v e  f a u n a  t a k e n  f r o m  s t a t i o n s
2 ,0 1 - 2 . 1 2 .
Station no; 2,01 2,02 2,03 2,04 2,05 2,06 2,07 2,08 2,09 2.10 2,1) 2,12
Edvardsia calliswrpha - 2 12 73 95 55 1 -  104 -  -  5
Aphrodite acuîeata
Nereis sp. 1 1 - 3 2 - 3 1 - 2
Nereis virens - - - - - - - - - - - i
Glycera sp.
Neiinna paima ta 1 3 4 10 23 41 32 8 5 30 45 40
Owenia fusiform is - - - - - -  i 1 8 1  1 4
SateIJa sp. 1 5  2 2 ..........................................
Unidentified polychaete
Cerebratulus fuscus -  -  -  - 1 1 -  -  -  -  -
Unidentified sipunculid 2 4 8 - 1 - - 1 1 -
Priapula - - - - - - - - - 1
Unidentified Isopod - - - - - 1 - - - 3 - -
Gammarus locus ta - - - - - 1 - - - - -
Upogebia stellata 1 6 - - - - - 3 - -
Ebalia cranchi - - - - - - 1 - - - 1
Hacropipus pusillus -  - -  - -  - 1 - - - - -
Astropecten irregularis - - - - - - -  1 1 - 1 -
Asterias rubens 3 1 1 1 1
Amphiura filiformis 69 44 97 6 8 2 - -  1 1 2 -  3
Acrocnida brachiata 9 2 - - - - - - - - - -
Ophiura albida - - - - - - 1 - - - - -
Ophiura texturata 3 2 - - - 1 - 2 9 - 1 -
Echinocyamus pusillus -  - -  - -  -  3 -  - -  - -
Faracenirotus lividus
Echinocardium corda tum 1 0 6 4  3 4 - 1 2  1 1 3 5
Thyone fucus - - - - - - 2 - - - - -
Thyone raphanus - - - - - - -  1 12
Labidoplax digitata -  -  32 -  -  -  5 2 -  29 ' 2 1
Turritella communis -  2 5 56 6 37 1 7 51 16 7 43
Aphorrhais pespelecani -  - -  - -  - 1 - - - - -
Eulima trifasciata - 1 - - - - 1 - - - -
Acteon tornati 1 is -  - 1 - - - - - - - - -
Scaphander lignarius 1
Fhiline quadripartita - 1 - - - - - 2 2 - -
Nucula hanleyi - - - - - - 3 - - - - -
Nucula turgida 8 3 - - - - - - - 1 - -
Chlamys opercularis - 1 - - - - - - - - - -
Diplodonta rotunda ta -  - -  - - 1 - 1 - - - -
Thyasira flexuosa 7 1 2 - 4 4 - - 1 4 3 3
Nyrtea spinifera 1 - - - - 1  1 - 2 5 2 3
My sella bidentata 23 3 3 - - - - - - - - -
Montacuta ferruginosa 1 3 - - 1  -
Laevicardium crassum -  - -  - -  - 1 - - - - 5
Dosinia lupinus - - - - - 2 - - - - 3 -
Venus ovata - - - - - 1 2 - - - - -
Venus fascia ta - - - - - -  1 - - -  - -
Venus striatula 1 - 1 - - 3 - - -  3 7  3
Mysia undata - 1 - - - - - - - - - 2
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Table A7; continued.
Station no; 2.01 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 2.10 2.11 2.12
Lutraria sp. 1 . . . . .
Solecurtus scopula 1 - - - - 1 - 1
Abra alba ' 17 7 1 2 16 - 1 - - 3 - 1
Donax vittatus 2 - - - - - - - - - - -
Cultellus pellucidus 6 4  1 1 2 -  1 - -  29 3 1 0
Corbula gibba 1 1
Thracia sp. . . . . . . . . . . . . . . . . . . - - - - 1 1 -
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InbJe ô i i  Q-iii l û i  mJiDL stiiiey. ol U i i  iJUM taken l u m  s ta t ions  3.Q1-3J2. 
s ta t io n  no; 3,01 3.02 3,03 3,04 3,05 3,06 3,07 3,08 3,09 3,10 3.11 3.12
Edwardsia callimorpha - - - - - - - - 3 - - -
Nereis sp. 1 - 1 1 2 6 1 - - 1 - 1
Nephtys sp. 2 2 2 2 1 - - 1 3 - - -
Owenia fusiform is - - - - - - 7 - - - - -
Neiinna palmata 2 8 8
Unidentified polychaete - - - - - - 1 - - - 1 1
Unidentified sipunculid - - - - - - 1 - - - 1 1
Priapula - - - - - 1 - - - - - -
Unidentified Isopod - - - - - - 4 - - - - -
Natannia sp. 1 - - 3 - - - 2 1 - 1 -
Corystes cassivelaunus - - - - - 1 - - - 1 - -
Unidentified crab - - - - - - 1 - - - - -
Asterias rubens - - - - - - - 1 - 1 1 -
Amphiura filiformis - - - - - - - 1 - - 11 1
Acrocnida brachia ta - - - - - 1 7 - 23 7 - 2
Echinocardium cordatum 3 1 3 1 3 3 2 - 3 5 6 3
Thyone fucus - - - - - - - 2 - - - -
Thyone raphanus - - - - - - - - - - - -
Labidoplax digitata - 32 - - - - 11 - 6 16 12 15
Turritella communis - - - - - - - - - 1 - -
Cylichna cylindracea - - - - - - - - 1 - - -
Philine quadripartita - - - - - - - 4 - 6 2 5
Nucula turgida - - - - - - 2 3 1 11 9 7.5
Thyasira flexuosa - - - - - - - 2 2 1 5 10
Lucinoma borealis - - - - - - - - - 1 - 1
Nysella bidentata - - - - - - 3 3 29 9 9 7
Montacuta ferruginosa - - 1 - 2 2 3 1 1 1 3 1
Acanthocardia aculeata - - - - - - - - - 1 - -
Dosinia lupinus - - - - - 3 - 1 1 3 - 1
Venus ovata - - - - - - - - - 1 - -
Venus fascia ta - - - - - - - - - - - -
Venus striatula - - 15 - 2 8 - 5 6 57 5 12
Mysia undata - - - - - - - - 1 1 - -
Spisula elliptica - - 4 - - 1 - - - - - -
Mactra corallina - - - - - - - 21 - 11 - -
6a ri fervensis 1
Abra alba - - - - - - - 3 - 3 - -
Tellina donacina - - - - 1 - - - 5 - - -
Tellina fabula 1 - - - 2 5 4 8 13 4 - 8
Tellina tenuis 8 59 - 23 4 - - - - - - -
Donax vittatus 1 7 1 1 - - - - - - - -
Cultellus pellucidus - - - - - - - 26 4 14 10 7
Ensis arcuatus - 1 - - 1 - - - - - - -
Corbula gibba - - - - - - - - - 24 9 2
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Table âii D.àk lit a j K M i  üredge s m t ï s x  oi live fauna taken from stations
Station no; 4,01 4,02 4,03 4.04 4,05 4.06 4.07 5.02 5,04 5,05
Edvardsia callimorpha -  -  18 65 107 137 1 47 35
Nereis sp. 4 -  -  1 1 4  -
Nereis virens 1 -  -  -
Nephtys SQ, -   3 1 1
Ovenia fus ifor mis 3 3 3 4 1 12 - 5
Neiinna palmata 40 -  25 26 35 20 -  47 10 10
Unidentified sipunculid 1 -  -  1 1 -  -  -
Unidentified Isopod 4 - - - - -  -  -
Gamma rus locus ta i  -  -  -  -  1 -  -  -
N a t a n n i a 3 1 1 1 -  -
Upogebia stellata 2 6 4 4 8 2  -  3 - 1
CalJianassa sp.  3 - 1 1 -  - 1 -
EbaJia cranchi 1 _ _ _ _ _ _  -
Unidentified crab 1 - - - - -  -  -  -  -
Astropecten irregularis -  -  1 -  -  1 - 1
Asterias rubens - - - - -  1 3 - 1
Amphiura filiformis 73 4 63 28 12 2 -  -  -  33
Acrocnida brachiata - 5 9 - - - -  -
Ophiura texturata -  -  -  -  -  1
Echinocardium cor datum 2 2 1 3  1 2 -  -  1 7
Cucumaria elongata 1 -  -  1 -  -  -
Thyone fucus 1
Labidoplax digitata -  2 4  1 - 1 -  16
Turritella communis 3 6 3 33 57 27 76 25 87
Natica alderi 1 - - - - -  2 -
Nassarius reticulatus 1 _ _ _ _ _ _  -
Turbonilla elegantissima 1 -  -  -  -  -  -
Cylichna cylindracea 2 - - - - -  1 -  -  -
Philine quadripartita 16 -  -  -  -
Nucula turgida 2 - - - - -  -  -
Anomia ephippium 1 _ _ _ _ _ _  -  -  -
Thyasira flexuosa 4 1 - 2 - -  -  -  -  -
Lucinoma borealis 3 1 - - - - -  -  -  -
Nyrtea spinifera - - - - - -  1 -  -  -
Lepton squamosum - - - - - - -  -  -  -
Nysella bidentata 21 3 1 3 - -  -  -
Nontacuta ferruginosa 1 - 3 - - 1 -  -  -  -
Acanthocardia aculea ta 1 -  -  -  -
Dosinia lupinus -  -  1 -  -  1 -
Venus striatula 4 1 - - - - -  -  -  -
Not irus irus -  -  1 -  -  -  -  -  -  -
Spisula elliptica -  -  -  -  1 -  -  -  -  -
Nactra corallina -  -  -  -  1 -  -  -  -  -
Lutraria lutraria -  -  -  5 -  -  -  -  -  -
Solecurtus chamasolen - - - 2 1 - -  -  -  -
Abra alba - - - - - -  3 -  -  -
Cultellus pellucidus 6 1 - - - - -  -  -  -
Ensis ensis -  -  -  -  -  2 -  -  -  -
Corbula gibba 6 2 1 -  -  1 2 -  -  1
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T a b l e  M O :  D a ta  f  o r  anchor  d re d ge  s u r v e y  o f  dead f  auna t a k e n  f rom s t a t i o n s
1 . 0 1 - 1 . 0 7 .  ( t h e  number o f  b i v a l v e  s h e l l s  has been d i v i d e d  bv two)
Dead /  S t a t i o n  no; 1 . 0 1  1 . 0 2  1 . 0 3  1 . 0 4  1 . 0 5  1 . 0 6  1 .0 7
Whole b a r n a c l e s 1 0.5 - - - - 2
B a r n a c l e  p l a t e s 23 - - - - - 4
M a l a c o s t r a c a n  c la w s 1 0.5 11 0. 5 4 2 1
Eumarg inu la  r e t i c u l a t a - - - - - 9 -
P a t e l l a  sp. 7 3 - - - - 6
P a t in a  p e l l u c i d a - 1 - - - - -
C a l l i o s to m a sp. - - - - - 1 -
Gibbu la sp. - 1 - - - 4 -
T u r r i  t e ' l la 'com m un is - - 23 4 242 397 4
A p h o r r h a i s  p es pe le can i - - - - - 2 -
C l a t h r u s  c l a t h r u s - - - - - 1 -
Eul ima t r i f a s c i a t a - - 1 - - - -
N a t i c a  a l d e r i - - 1 - 3 7 -
T r i v i a  monacha - - - - - 14 -
N u c e l la  l a p i l l u s - - - - 2 - -
N a ssa r ius  r e t i c u l a t u s - - - - 3 10 -
Mangel ia  a t t e n u a t a - - 2 - - 5 0.5
Acteon t o r n a t i l i s - - - 0 . 5 1 - -
T u r b o n i l l a  e le g a n t i s s im a - - - - 2 - -
C y l i c h n a  c y l i n d r a c e a - - 1 0.5 - 3 0.5
P h i l i n e  q u a d r i p a r t i t a - - - — 6 2 -
U n i d e n t i f i e d  g a s t r o p o d s - - - 0.5 2 1 0.5
D en ta l iu m  e n t a i l s - - - - 1.5 50 -
Nucula h a n le y i - - - - - 44 -
Nucula t u r g i d a 21 0.5 - 2 0 74 2.5
M y t i l u s  e d u l i s 16 0. 5 - - - - 13.5
Os t r e e  e d u l i s - - - - - - 1.5
Anomia ephipp ium - - - - - 3 -
Chlamys t i g e r i n a - - - - - 3 . 5 -
Chlamys o p e r c u l a r i s - - - - - 13 -
Chlamys v a r i a - - - — - 24 —
D ip lo d o n ta  r o tu n d a ta - - - - - 5 -
Thyas i ra  f l e x u o s a - 4. 5 - 6.5 - 13 65
Lucinoma b o r e a l i s - - - 0 . 5 - 66.5 7
Myrtea s p i n i f e r a - - - 0.5 - 47 5
Lepton squamosum - 0.5 - - - 9 9.5
Montacuta f e r r u g i n o s a - 7.5 - 2 . 5 - 5 —
Laev ic a rd iu m  crassum - - - - - 5 -
Cardiurn edu le - - - - - 26.5 -
A ca n th oca rd ia  a c u l e a ta - 0.5 - - - 20.5 -
Gould ia  minima - - - - - 5. 5 0.5
D o s in ia  e x o le t a - - - - - 40 -
D o s in ia  l u p i n u s - 1 - - - 30 -
Venus ovata - - - - - 35 5
Venus f a s c i a  ta - - - 0.5 - - -
Venus s t r i a t u l a 1.5 5 - 2 - 316 47
Venerupis  rhomboïdes - - - - - 2 -
Mysia undata - - - - — 1 -
S p is u la  e l l i p t i c a - - - — - — 3
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station no; 1.01 1.02 1.03 1.04 1.05 1.06 1.07
L u t r a r i a  l u t r a r i a  0.5
Gari  f e r v e n s i s  - - - - - 2 0  0.5
S o le c u r t u s  chamasolen - - - - - - 0 . 5
Abra a lb a - - - 12.5 -
T e l l i n a  donacina - - - - 8.5
T e l l i n a  f a b u la - 7 - - 0.5 2.5
T e l l i n a  t e n u i s - 0 . 5 -
Donax vittatus 6 - - - - -  1
Cultellus pellucidus -  4 -  1 -  - 0 . 5
Ensis ensis 0 . 5  -  -  -  -  1 0 . 5
Corbula gibba 0 . 5  2 - 8 6
F i s h  v e r t e b r a  "-  -  1 -  -  -  -
il'"' T
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Table All: Data for anchor dredge survey of dead fauna taken from stations
?.. 01-2. 12. (the number of bivalve shells has been divided bv two)
Station no; 2,01 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2,09 2.10 2,11 2,12
Whole barnacles - - - - - - - - 1 - - -
Barnacle plates - - - 6 - 2 7 - 13 67 350 8
Crab claw frags. 8 1 3 5 - 1 - - 11 15 9 2
Eumarginula re ticu la ta - 3 - 6 - - 21 16 3 25 8 3
Diodora apertura - - - - - - - 1 - 1 1 -
Patella sp. - 4 - - - - - - - - - -
Acmaea virginea - - - 1 - 4 18 7 2 42 18 1
Calliostoma sp. - - ' - - - - - - - - - 5
etbbula sp. - 1 - 2 - 3 - 8 17 11 9 -
L it to r in a  sp. - - 1 - - 1 - - - - - -
Rissoella sp. - - 1 - - - - - - - 6 -
T u rr ite lla  communis 8 1 12 504 14 77 1 38 332 134 227 177
Aphorrhais pespelecani - - - 3 - - - 2 - - - 1
Clathrus clathrus - - - - - 1 - 1 - - - -
Natica a ld e ri - - 2 18 - 5 2 4 - 3 12 12
Eulima tr ifa s c ia ta - - - 3 - 1 - - 4 - - -
Triv ia  monacha - - - - - 1 2 - 1 - - -
Nucella la p illu s - - - 11 - - - - - - - -
Nassarius re ticu la tu s 2 2 1 12 - 3 3 17 7 17 37 7
Nangelia attenuata - - 2 26 I - 2 2 7 8 30 3
Acteon to rn a t il is - - 1 1 - - - 1 1 1 1 -
Turbonilla elegantissima - - - 2 - - - - - - 15 -
Scaphander ligna rius - - - - - - - - - - 3 -
Cylichna cylindracea - - - 12 - 1 - 3 9 14 15 -
Philine  quadripartita - - 1 1
Bui l ia  s tr ia tu la - - - - - 1 - - - - - -
Chemnitiza formulosa - - - 6 - - 5 25 - 9 15 -
Unidentified gastropods - - - - - 1 1 3 - 4 - -
Dentalium e n ta lis - - - 1 - - 1 - 1 1 3 -
Nucula hanleyi - - - - - 4 13 20 - - - -
Nucula turgida 45 19.5 12 49 3 3 4 23 6.5 25 96 23
Acra tetragona - - - - - - - - - - 0.5 0.5
Acra lac tea 1 0.5
Nodiolus modiolus 0.5
h y tilu s  edulis 1 0.5 -
Ostrea edulis - - 0.5 - - - - - 0.5 - 3 -
Anomia ephippium - - - 12.5 - - 2.5 1,5 6.5 32 1.5
Chlamys sp. - 1,5 2 15 0.5 6 4 3 5.5 10 24 -
Sim ilipecten s im ilis - - - - - - - 5 1.5 9.5 0.5 2
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station no; 2.01 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 2.10 2.11 2.12
Chlamys tigerina - - - - - - 1.5 - - 1 - -
Lima subauriculata 2.5 0.5 -
Lima Joscombi - - - - - - - - - 0.5 -
Cyprina islandica - - - - - - 1 - - - -
Diplodon ta ro tunda ta - - - - - - - - - 0.5 - -
Thyasira flexuosa 24 26 145 7 - - 3 39 65 48 23,5
Lucinoma borea lis - - 1 7 7 - 1 1.5 6 6.5 4.5 -
Nyrtea sp in ifera - 13.5 - 17.5 - 5.5 1 8 7.5 0.5 8 13
Lepton squamosum - 0.5 - - - - - - - - - -
Nysella bidentata 71 6 47 87,5 1 - 120 7.5 27.5 - 92 56
Nontacuta ferruginosa 2.5 14.5 2 28.5 3 - 13 - 7 7 10 8
Laevicardium crassum - - - - - 1.5 1.5 1 - 2.5 0.5 -
Parvicardium ovale - - - - - 8.5 17,4 41 - 37.5 - 10
Cardium edule 0.5 60 -
Ac anthocardi a aculeata - - - - - 2 - - 3.5 3.5 8.5 5.5
ôouldia minima 6 - - - 0.5 - 3.5 1.5 1 1 7.5 -
Dosinia exoleta - - - - - 3 2 2 - - - -
Dosinia lupinus 4 1.5 2.5 10,5 - - 1,5 10 6.5 27 :25 10
Venus ovata - 0.5 2 19 - 27 72.5 76 4 16,5 6 24
Venus fascia ta - - - - - 0.5 4 3.5 - 0.5 - -
Venus s tr ia tu la 20,5 8 35 562 6.5 19 4 170 187 60 271 100
Venerupis rhomboides - - - - - 0.5 1 4.5 - 0.5 0.5 -
Nysia undata 5 - 1 8.5 - 5.5 2.5 8 3 3.5 14 5
Notiru s  irus - - - 19 - - 1 1 1.5 5 5.5 2 2
Spisula e ll ip t ic a 4 1.5 5 14 - 3 0.5 IS 0.5 26.5 26 33
Lutra ria sp. - - - - - 1 - - - 0.5 - -
Lutra ria  lu tra r ia 4 - - - - - - - 1 - 0.5 0.5
Lutra ria  magna - - - 0.5 - - - - - - - -
Gari fervensis - - - 2.5 - - - 0.5 - 6 6.5 0.5
Solecurtus sp. - - - - - - 0.5 3.5 2.5 - - 2.5
Solecurtus chamasolen - - 2 6.6
Solecurtus scopula - - - - - 0.5 - - - - 2.5 -
Abra n it id a - - - - 0.5 - - - - - - -
Abra alba 409 165 263 129 7 3.5 1 4.5 44.5 33 20 19.5
Tellina donacina 1.5 1.5 1 14 - 0.5 2 5 7.5 33 25 1
Tellina tenuis - - - - - - - - - - - 1
C ulte llus pellucidus 52 21 14 4.5 - - - - - 12 11.5 5
Ensis ensis - - 1 - - - - - - - - -
Corbula gibba 10 3 7 150 0.5 18,5 - - - - - -
Loripes lu c in a lis - - - - - - - 0.5 - 1.5 - -
Fish vertebra - - - - - - 1 - - 4 - -
Fish jaw bone - - - - 1 - - - - - - -
Fish otolith - - - 1 - - - - - - - -
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lâble. ô H i  Qa Ii  l!2JL i o cM l  slisdgs. survey oi dead fauna taken from stations 3
Station no; 3,01 3,02 3,03 3,04 3,05 3.06 3,07 3.08 3.09 3,10 3,11 3.12
Whole Barnacles 3 1 2 - - - 1 - - -
Barnacle plates 133 32 4 7 15 4 - 1 - 24 I 1
Crab claw fragments 3 - - 3 - 1 - - 1 1 0  1 1
Eumarginula re tic u la ta  - - - - - - - - -  39 2 -
P a te lla s ^ , 50 4 6 1 3 7 1 3 4 3 - 4
Acmaea virginea 2 - - - - - - - - - - -
Patina pu lluc ida 2 1 - - - 2 - 1 1 - - 4
Calliostoma sp. - .
Gibbula sp. 1 - - - - - - - - 1 0  0.5
L it to r in a  8 2 1 - 3 1 - - - 5 1 2
Eulima tr ifa s c ia ta  - ' - - - - - - - 1  - -
Assiminea g rayana - - - 1 1 - - -
Chemnitiza formulosa - - - - - - - - 1 - - -
Turbonilla elegantissima - - - - - - - - - 2 - -
Cylichna cylindracea - - -  - -  - -  - 1  1
Bui l ia  s tr ia tu la  - - - - - - - - 1 2 - -
Nucula turgida - - 1 - - 1 5.5 14 34 26 30,5 33.5
M ytilus edu lis 21.5 19,5 13 5.5 14 22,5 3,5 12 30 2 - 2
Anomia ephippium 21 3.5 - 0 . 5 9 . 5 0 . 5  - 0.5 5 5 - 2
Chlamys opercu laris 3 - - - - - - - - 0 . 5 -  1
Lima h i ans - - - - - - 0 , 5 -
Thyasira flexuosa - - - - - - 1 11 3 , 5 4 1  18 18,5
Lucinoma borea lis - - - - - - - - - 0 . 5 -
Lepton squamosum - - - - - - - 17.5
Nysella bidentata - - - - - - 1 55,5 - 56 26 39
Nontacuta ferruginosa 2 - - 0.5 - 5 2.5 5 47,5 20 7.5 11
Parvicardium ovale - - 0.5 - - - - 2 3 0.5
Acanthocardia aculea ta - - - - - - - - - 4 2.5
Acanthocardia echinat a . . . . . . . . . . . . . . . . . . . . . . . 2 1.5
Gouldia minima - - - - - - - - 0.5 1
Dosinia lupinus . . . . . . . . . . . . . . . . . . . . .  2 . 5 0 . 5  2 , 5 0 , 5 2 . 5
Venus ovata - - - - - - - - - 1  -
Venus fascia ta - - - - - - - - 0.5
Venus s tr ia tu la  6.5 - 7.5 - - 38 9.5 7,5 13,5 36 0.5 31,5
Venerupis rhomboides - - - - - - - - - 5 - -
Nysia unda ta - 0 . 5 -  - 0 . 5 0 . 5 -  - - 1 . 5 -
Notirus iru s 5.5 - - 0.5 11,5 - - 0.5 3 0.5 - 0.5
Spisula e l l ip t ic a  77 1.5 0.5 I - 0.5 0,5 5 0.5 1 2 - 5
L u tra ria  - - - - - - - - -  6.5 0.5 -
Gari fervensis - - - - - - - - - 1 . 5 -
Abra alba 4 - - - - - - 26,5 2.5 77,5 58 4.5
Tellina  pygmaea - - - - 2 3  - 0 . 5 -  - 2
T ellina  fabula - - - - - 0.5 - 16.5 8.5 15,5 - 16,5
Tellina  tenuis - - - 1 0 . 5 - 1 . 5 -
Donax v itta tu s  3.5 1.5 1.5 - - - 3.5 1.5 1.5 -
C ulte llus  pe lluc idus - - - - - - - - - 2 4  20.50.5
Ensis ensis - - - - - - - - 1 6 - 0,5
Corbula gibba - - - - - - - 0,5 - 4,5 3.5
Thracia sp. 0.5 - - - - - - " - 0.5 - 1
Unidentified gastropods 6   2 - - 3
Fish vertebra
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IaJ?.Lê. âlZi ( M i  1j2.l iPCtiir igrysx oi çtiixl fauna taken from station 4.01-4.07 k 5.03
number ol bival^i ihelLs. bsi been divided bx two)
Station no; 4,01 4,02 4,03 4,04 4.05 4,06 4.07 5,03
Whole barnacles 2 - - - - - -
Barnacle plates 19 69 6 1 - - -
Crab carapace - - - 1 - - -
Crab claw fragments 4 10 15 4 7 20 -
Eumarginula re tic u la ta - 36 6 1 - - -
Acmaea virginea 1 28 3 3 - - -
Gibbula sp. - 18 7 - 2 - 58
T u rr ite lla  communis 7 28. 19 155 106 130 -
Aphorrhais pespelecani - - - 1 - - -
Clathrus c la th rus - - - - 1 - -
Eulima tr ifa s c ia ta - 2 - 3 1 - -
Natica a ld e ri 5 9 3 - 1 2 2
T riv ia  monacha - - - - - 1 -
Trophon muricatus - 7 - - - - -
Nucella la p il lu s - - - - - - -
Nassarius re tic u la tu s 3 11 3 7 1 4 1
Nangelia attenuata 4 1 4 11 4 - -
Turbonilla elegantissima - - - - - - -
Scaphander lig n a riu s 2 1 2 - - - -
Cylichna cylindracea - 4 4 - - 1 -
F h ilin e  quadripa rtite - - - 1 - - -
Chemnitiza formulosa 3 23 5 2 1 1 -
Sul l ia  s tr ia tu la - - - - - - -
Nucula turgida 15.5 - 29 16 7 4 5
N ytilu s  edu lis - - - - - - -
Ostrea edu lis - - - 1.5 - 0.5 -
Anomia ephippium 0.5 8 - 0.5 - - -
Chlamys s p . - - - - - - -
Sim ilipecten s im i l is 1 1 - 0.5 - 0.5 -
Chlamys tige rina - - - - - - -
Chlamys opercu laris 0.5 7.5 5 3 0.5 1.5 0.5
Diplodon ta ro tunda ta - - - - - - -
Thyasira flexuosa 17 2 ;21.5 20 35 - 23,5
Lucinoma borea lis - 1 1 - - - 2
Nyrtea sp in ife ra - - 0.5 0.5 2 1 -
Lepton squamosum 1 3.5 4.5 7.5 3 4.5 0.5
Nysella bidentata 77.5 15 75 30 13 20 4
Nontacuta fe r ru g inosa 1 0.5 25 5 5.5 17.5 3
Laevicardium crassum - - 1.5 - - - -
Parvicardium ovale 2.5 - - - - - -
Gouldia minima - 20,5 13,5 1.5 0.5 1 1
Dosinia lupinus - 10 4 7 1 2 -
Venus ovata 7.5 102 15 1 - 0.5 -
Venus fascia ta 0.5 3 - 0.5 - - -
Venus s tr ia tu la 11.5 34.5 60,5 76 45 25,5 14
Venerupis rhomboides 2.5 3 - - - - -
N otirus iru s - 1.5 1 1.5 - - -
Nysia undata 0.5 3 - - - 0.5 0.5














Station no; 4. 01 4. 02 4. 03 4. 04 4, 05 4.06 4. 07 5.  03
Lutraria sp. 0 . 5 0.  5 2 — _ _ _
Lutraria lutraria - - - 6 - - - -
Gari fervensis 0 . 5 - 1 1 1 - - -
Solecurtus sp. - - - - - - 0 . 5 -
Solecurtus'chamasolen - 1 .5 1 .5 3 . 5 1 0 . 5 3 -
Abra alba 28 2 . 5 240 115 105 120 15 74
Tellina donacina - - - 0 . 5 1 . 5 - - -
Cultellus pellucidus 7 . 5 - 5 - 1 0 . 5 0 . 5 9
Ensis arcuatus 0 . 5 - - - - - - -
Corbula gibba 8 . 5 43.  5 40 27 16 1 0 . 5 - 10
Thracia sp. - - - - 0 . 5 0 . 5 1
Cochlodesma praetenue - - 0.  5 - - - - 1
Loripes lucinalis - - - - - - - 1
F i s h  v e r t e b r a 1 - - 4 - - - -
F i s h  o t o l i t h 1 2 1
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A P P E N D I X  2 c  .
F I g u r e s  A 1 - A 6 7 ; S p e c i e s  a b u n d a n c e  m a p s .
F o r  e a c h  map t h e  n u m b e r  o f  i n d i v i d u a l s  p e r  s p e c i e s  f o r  a l l  
t h r e e  l i v e  s u r v e y s  a n d  a l s o  t h e  d e a d  s u r v e y  a r e  i l l u s t r a t e d ,  
t h e  l a r g e r  t h e  c i r c l e  t h e  l a r g e  n u m b e r  o f  s p e c i m e n s  ( s e e  k e y ) .  
W h e r e  t h e r e  i s  n o  m a p ,  n o  i n d i v i d u a l s  w e r e  r e c o v e r e d  f r o m  t h a t  
p a r t i c u l a r  s u r v e y .  F o u r  o f  t h e  s t a t i o n s  i n  t h e  d e a d  s u r v e y  a r e  
i l l u s t r a t e d  a s  s q u a r e s .  T h i s  i s  b e c a u s e  t h e s e  s t a t i o n s  w e r e  
s u b s a m p l e d  f o r  d e a d  m a t e r i a l ,  o n l y  o n e  l i t r e  o f  s h e l l s  w e r e  
s o r t e d ,  w h i l e  a t  t h e  o t h e r  s t a t i o n s  t h e  w h o l e  d r e d g e  s a m p l e  
( 4 5  l i t r e s )  w a s .






6 -1 0 m
3—5
6 -1 0
1 1 -2 0 1 1 -2 0









A2: N e r e i s  sp (Live 1968, 1971, 1985/6)
N e r e is ,
1900/G, Live
O.




A3; N e p h t y s sp (Live 1968, 1971, 1985/6)
UepJitbxn ssll.









A5: O w e n la  f u s i f o r m l s  (Live 1968, 1971, 1985/6)















A8: A s t r o p e c t e n  i r r e g u l a r i s  (Live 1968, 1971, 1985/6)
AsArupecJL^n Arre/fularls 
19Ü Ü /G , L i v e  \
lü(i(3
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A9: A s t e r l a s  r u b e n s (Live 1971, 19Ô5/6)









All: A c r o c n i d a  b r a c h i a t a  (Live 1968, 1971, 1985/6)
A ctjjjiiiJ jJa p r i j c / j i a la  
L I v g  /
CL
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A12; O p h i u r a  sp . (Live 1968, 1971, 1985/6)









A14: C u c u m a r l a  e l o n g a t a  (Live I960, 1971, 1985/6)








A16: L a b l d o p l a x  d l g l t a t a  (Live I960, 1971, 1985/6)
L n h ld o p la x  d is lA o la  
1ÜU5/Ü, LIVO
1 •» /  1 19Ü0
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A17: E u m a r g l n u l a  e l o n g a t a  (Live 1971, Dead 1985/6)
E u m a rB liu i.li i e lo n & o ia  
1905/Ü, Deuel /
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A18: T u r r l t e l l a  communis (Live & Dead 1965/6, Live I960, 1971)





A19: A p h o r r h a l s  p e s p e l e c a n i (Dead 1985/6, Live 1971)




A20: N a t l c a  a l d e r l  (Live & Dead 1985/6, Live 1968, 1971)




A21; N a s s a r l u s  r e t i c u l a t u s  (Dead 1985/6, Live I960)
Nnssnrius r c l l c uJatus 
1UU5/G, Dcod
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A23: F h i l l n e  q u a d r i p a r t i  t a (Live & Dead 1985/6, Live 1971)
L'JllLine w m d r l p n r t i  La 
H v n  ,
•o
iy»5/G, D e n d
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piQiiorji lui&cAuna^  
198‘J/6, Uoud 1905/6, Dead
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A25: Clathrus clathrus, Mangel la attenuata, Asslminea grayana,














Ijrpphon mu rl ca t us 
1905/6, Dead
412
A27: Cal 11 ostoina sp, Glbbula sp, , Chemnltlza formulosa, Trivia
sp. (Dead 1985/6)




ÇhrmnJ tl_p:n / ormi.ij.oîja sp.._ 
1905/0, Dead
T r ly jn  pp.._ 
1905/0, Dead
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A28: Acteon tornatills, Bui 11a strlatula, Scaphander llgnarlus
(Dead 1985/6).




Bcjipliander U E n arJu s  
1905/0, Dead
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A30: N u c u l a  h a n l e y i (Live & Dead 1985/6, Live 1971)
Nuculn Imnl eyi —  









A32: M y t i l u s  e d u l l s  (Dead 1905/6, Live 1971)










A34: C y p r l n a  i s l a n d l c a  (Dead 1985/6, Live 1971)




A35: D i p l o d o n t a  r o t u n d a  (Live & Dead 1985/6)











L u c i n o m a  b o r e a l i s  (Dead 1985/6, Live 1971)
Lucijipma bj^recilis 
1 9 0 5 / 6 Dead
1971
423













A40; M y s e l l a  b l d e n t a t a  (Live & Dead 1985/6, Live I960, 1971)







A41: M o n t a c u t a  f e r r u g l n o s a  (Live & Dead 1985/6, Live 1971)





A42; L a e v l c a r d l u m  c r a s s u m (Live & Dead 1985/6)
LaiLY.l_cjixdi_um crassyn\ 
1UU5/Ü, Live . )
Dead
428
A43: P a r v i c a r d i u m  o v a l e  (Live & Dead 1985/6)
iLQ.ryls;arüiuM ova_lQ
429
A44: G a f r a r l u m  m in im um (Dead 1985/6, Live 1968, 1971
i iM j iQ j jL u m  m i j i i M im  
190‘J/G, Dead \
19Ü0
)  O o
O o o















A4G: D o s i n l a  l u p l n u s  (Live & Dead 1985/6, Live 1968, 1971)










A48: V e n e r u p l s  r h o m b o ï d e s (Dead 1985/6, Live 1971)






























A53: S o l e c u r t u s  sp. (Live & Dead 1985/6, Live 1971)
;;uJf^ curlus sfx.
Live i urnimL. uoqti
19/1
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A55: T e l J l n a  d o n a c i n a (Dead 1985/6, Live 1971)




A56: T e l l i n a  f a b u l a  (Live & Dead 1985/6, Live 1968, 1971)





A57: T e l l i n a  t e n u i s  (Live 8t Dead 1985/6, Live 1966)












A59: Do n a x  v l t t a t u s  (Live & Deed 1985/6, Live 1966)




AGO: C u l t e l l u s  p e l l u c l d u s  (Live & Dead 19Q5/6, Live 1968,
1971)




• >  -
19Ü0
446








A62: C o r b u l a  g i b b a  (Live & Dead 1985/6, Live 1971)




A63: T h r a c l a  sp. (Live & Dead 1985/6, Live 1971)




Aü4: C oc h l o d e s wa  p r a e t e n u s  (Live 1985/6 1971)
pQi.hlwipr.nm j>(:jivJvnoQ
lî>oi>/.G.. Ll.vo.
l« J 7 l
.450











Limn si>^  
190Ü/0, Dead
V 451 .
A66: Acan thocardia ecliinata, Cerastoderma edule, Acanthocardla
aculeata. Loripes lucinalls (Dead 1985/6).
Ac«nUH)Gi;«olllft nclilnata
l l ) a ' J / ( i ,  D c iu l
(iLU n.yt<2Ü«r.Dlu Wuie 
l ‘JO'J/(), Doud J
Acjin Iho^ ur d La acüiüilla 





AG7; A bra ni tide, Ostrea edulis, Venus ova ta, Venus fascia ta 
(Dead 1905/0).













AN N U AL CONFLRENCi; 







PA L A  LO  E C O L O G IC A L  KESPON SLS O F  M A R IN E  
MEN 11 l i e  C O M M U N IT IE S  T O  C H A N G E S  IN  
S U IIS I R A  I E AS D E M O N S T R A  I EE) U Y A N  E X A M P L E  O F  
‘ IN E R T  S O L ID  P O L L U T IO N *
A . P. K i i ln l i t  (R o y a l H o llo w a y  and B e d fo rd  New C o lle g e )
I he waste p ro t l i ic l o f  (he ch ina  c lay  in d u s try  a round  St. A u s te ll,  C o rn w a ll,  
was d ischarged u n t il 1973 in to  the W hite  R iv e r  and washed in to  M evagissey bay 
w here  it  was deposited. T he  resu lt was a she ll g rave l substra te  be ing  covered  by 
m ica  and riuact?. r ic h  s ilt .
F o llo w in g  de ta iled  sam p ling  o f  the l iv in g  b e n lh ic  faunas, coup led  w ith  
com parison  w ith  past surveys, i t  has become possib le to  recognize f iv e  d if fe re n t  
co m m u n itie s  whose d is tr ib u t io n  re fle c t the am oun t and na ture  o f  the ch in a  c lay  
waste in  tha t area. For each c o m m u n ity  there  is a recogn izab le  death  assemblage 
m o d if ie d  by  d if fe re n t  tap ho n o m ic  processes. A  she ll g rave l w h ic h  c lose ly  
resem bles the o r ig in a l substra te  has a h ig h  species d iv e rs ity  w ith  a lga l atrd fu .rga l 
bo rings  be ing  the most im p o rta n t taphononric  processes. W here f in e  ch in a  c lay  
waste donrina tcs the substra te  the death assemblage has a m uch lo w e r species 
d iv e rs ity  w ith  m echan ica l damage, perhaps by p rcd a tio rr, be ing  m ore im p o rta n t 
in  she ll taphonom y.
F io m  the am oun t o f  Iauna l and scd im en to lo g ica l data, w h ich  in c lu d e  cores 
taken  th ro u g h  the waste, it has become possil)lc  to recons truc t the h is to ry  o f  
se rlim cn ta tio n  and co lo n iza tio n  iir M evagissey Bay and p re d ic t the fu tu re  fa te  o f  
bo th  the scd im etrls  and bcirthos.
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S E P M
C H I N A  C L A Y  W A S T E  P O L L U T I O N :  A G I A N T  
P A L A E O E C O L O G I C A L  E X P E R I M E N T
A.P. K n i g h t  & D.W.J, B o s e n c e  (Dept, of 
G e o l o g y ,  RHBNC, Univ. L o n d o n ,  Egham, S u r r e y  
T W 2 0  OEX).
The fine g r a d e  w a s t e  p r o d u c t  of the c h i n a  
c l a y  i n d u s t r y  a r o u n d  St A u s t e l l ,  C o r n w a l l ,  
E ngl a n d ,  was u n t i l  1973 d i s c h a r g e d  into a n d  
d e p o s i t e d  in M e v a g i s s e y  Bay,
Til is r e s u l t e d  in an o r i g i n a l  s h e l l - g r a v e l  
s u b s t r a t e  b e i n g  c o v e r e d  b y  m i c a  a n d  q u a r t z  
rich si l t  and c o n s i d e r a b l e  c h a n g e s  to the 
berithic c o m m u n i t y  s t r u c t u r e  of the bay. T h e s e  
c o m m u n i t i e s  are t y p i c a l  for the s u b s t r a t e  a n d  
h a v e  b e e n  fo u n d  in u n p o l l u t e d  p a r t s  of the 
E n g l i s h  C h a n n e l  w h e r e  t h e r e  is a s i l t y  
s u b s t r a t e .
F o l l o w i n g  the c e s s a t i o n  of w a s t e  d e p o s i t i o n  
there has b e e n  an o b s e r v a b l e  b u i l d - u p  of 
c o a r s e  slielly m a t e r i a l  by in s i t u  p r o d u c t i o n  
w i t h i n  the silt. G i v e n  s u f f i c i e n t  time, this 
b u i l d - u p  will r e s u l t  in the t r a n s i t i o n  f r o m  a 
s i l t  to s h ell g r a v e l .  It is b e l i e v e d  the t i m e  
p e r i o d  n e c e s s a r y  for this c h a n g e  w i l l  tak e  in 
the o r d e r  of tens of t h o u s a n d s  of years. T h e  
e f f e c t s  of such a c h a n g e  on b o t h  the b e n t h o s  
and f u t u r e  p a l a e o n t o l o g i c a l  a s s e m b l a g e s  w i l l  
be pr e d i c t e d .
21-24 August 1988 
Columbus, Ohio
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